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From the World of Electronics 


DIGITAL TELEVISION BY 2000? 
Eagerly expected for some time, the 
Government has finally made public its 
proposals for new television channels 
using digilal technology. Under the 
proposals, 20 new channels will be 
made available that will, however, oc- 
cupy nol much more of the frequency 
spectrum than the existing five chan- 
nels. The present operators of the ter- 
restrial analogue channels are auto- 
matically assured of new channels, but 
they will also be able to compete, with 
other companies, for one or more of the 
remaining fifteen channels. 

There is, however, a drawback in all 
this for the viewer, because he or she 
will have to buy either an additional 
unit lo receive the new services, which 
may, at present estimates, cost up to 
£500, or buy a new Tv set, which, 
again at current estimates, may cost 
up to & 2000. If the current quality of 
programmes is maintained, not many 
viewers may wish to avail themselves of 
the new services at those prices. 


BT AND DIXONS EXPAND 
HIGH STREET PRESENCE 
BT and Dixons have agreed to increase 
the number of “he Link’ high street 
communications shops from the eight 
opened in a trial which started in Octo- 
ber 1994, 

The first of the new stores — trading 
under the name ‘Dixons — The Link’ 
has already opened in Camden and 
shops in Croydon, Staines and Harrow 
will follow shortly. In all, about 50 new 
stores are planned for the current fi- 
nancial year, with more to open later. 

The plans will mean further expan- 
sion of BT’s high street presence and 
provide BT with a further opportunity 
to convince customers that their 
branded products and services have 
the leading edge in communications 
technology. Some 40 BT products will 
be sold at ‘The Link’, including fixed 
and mobile phones, fax machines, pag- 
ing services and satellite systems. Cus- 
tomers will also be able to order new 
BT lines, chargecards, select service, 
and pricing options. 


TOWARDS THE INTELLIGENT HOME 
Although slow to gather momentum, 
the concept of the ‘intelligent home’ is 
becoming increasingly more substan- 
tive. The technology is available, and 
electronic, electric and construction 
companies, mainly through such orga- 
nizations as the British Automated 
Homes and Buildings Association 
(BAHBA)!, are cooperating to turn yes- 
ierday’s philosophy into today’s reality. 
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The EA Technology Celect System. 


Such schemes are known as Home 
and Building Electronic Systems 
(BES) and, indeed, there are many 
micro-computers and = micro-con- 
trollers already in the modern British 
home. Almost every electrical appli- 
ance available today is controlled by 
some form of silicon chip, providing a 
certain degree of intelligence. 

In the intelligent home, these de- 
vices are made interactive to maximize 
comfort and system efficiency. For in- 
stance, today’s heating systems proba- 
bly contain a boiler, a timeclock. ther- 
mostats and control valves. With an 
intelligent system, the simple ther- 
mostats are replaced by true-reading 
thermostats which transmit the actual 
temperature to the timeclock. 


Optimum time 

By continuously monitoring the room 
temperature, the heating can be 
turned on earlier when the ambient 
temperature is low, or later when it is 
higher. By ‘remembering’ the rate it 
was able to heat the house on previ- 
ous days, the timeclock/conitroller can 
determine the optimum time to turn 
on the heating. giving maximum com- 
fort alt minimum cost. 

Such a system can show energy 
savings of up to 20%. By adding an 
external termometer or combining the 
system with weather monitoring— 
broadcast via radio or power distirbu- 
tion network—considerable further 
savings are possible. 

Celect, developed by a consortium 
of 25 electricity untililies and manu- 
facturers, led by EA Technology? is 


one such system. It uses a mixture of 
storage and direct-acting heating, di- 
recUly influenced by radio broadcast 
weather data to provide exact pro- 
grammed lemperatures. 

Room temperatures and occupancy 
times are sel on a room-by-room basis 
using a central controller. An optimis- 
ing controller in the heater calculates 
the minimum cost for satisfactory 
comfort requirements based on the 
day's cost-reflective messages, taken 
every half hour, and the Radio 
Teleswitch system weather forecast. 


Minimizing costs 

For the electricity supplier, the system 
provides a means of minimizing over- 
all supply and distribution costs by 
using the novel cost-refleclive mes- 
sages to regulate the daily load pat- 
tern. 

The EA Technology sysiem is capa- 
ble of extension to many other appli- 
cations, The Celect system uses an 
echelon chip® to implement the appli- 
cation and for the required communi- 
cations within the building power-line 
signalling is used, eliminating the 
need for dedicated signal wiring. By 
furnishing a protocol and an inte- 
grated-circuit among iis cquipment, 
ihe company ensures a simple-to-use 
facility. 

Most intelligent home systems use 
‘modes’ to indicate the type of pro- 
gramme being run at any particular 
time. A mode is simply set using 
meaningful names and the system 
does the rest. 

For instance, in ‘night’ mode, the 
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system will set the heating and hot 
water to minimum values and, per- 
haps, set the downstairs security. 
When the occupant leaves the house, 
modes such as ‘at work’, ‘at school’ or 
‘shopping’ can be selected, The system 
will automatically set the security, 
turn off the lights. turn down the 
heating, and so on. 


Learning from actions 

By learning from past actions, the 
system will know when the house will 
be reoccupied and turn up the heating 
and switch on other appliances. Al- 
most every household function can be 
included in a full intelligent system. 

Most of the available home automa- 
tion products are based on systems 
linked to the existing mains electricity 
wiring. However, owing to the different 
voltages in different countries, some 
sort of standard is considered necess- 
ary to make such systems fully worth- 
while. To this end, there are several 
consortia, each endeavouring to set 
up a standard, while others are en- 
gaged in finding an interface to make 
the different standards compatible. 

In contrast with this are organiza- 
tions which aim to provide interactive 
services. Companies such as British 
Telecom, for example, which could 
supply such a service via its existing 
telephone lines. Cable tv, satellite 
companies and even network-linked 
pcs could all be considered for the in- 
teractive services complex. 


Available wiring 
One consortium which boasts a ‘plug 
and play’ capability is the European 
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Home Sysiems Association (HS). The 
control signals for the system run on 
readily available wiring: electric power 
wiring. TV coaxial cable or the tele- 
phone twisted pair. 

Features of the Home Systems ap- 
proach include modularity and ease of 
growth. It is a fully open system, so 
new products developed within the 
system's framework will work along- 
side the old. For instance, Phillips 
apGt has introduced its HS-Tools De- 
veloper’s Workstation which allows the 
creation of remotely controlled ‘plug 
and play products which auiomati- 
cally cooperate. To extend and up- 
grade the system, more devices and 
feature controllers can always be 
added. 

Another consortium is the Euro- 
pean Installation Bus Association 
(EIBA). The EIB system employs just 
one ‘bus’ (line) along which all devices 
communicate. Consequently, much 
less wiring is required, thus simplify- 
ing installation. The bus constitutes a 
direct connection and controls all 
functions without the need for a con- 
trol centre. 

One British member company in 
this group is Home Automation Ltd5, 
This company has recently announced 
its D-bus concept, a building control 
product range. The range includes 
passive infra-red coded transmitters 
and non-intelligent interfaces. The 
bus is a twisted pair of wires that in- 
terconnect the accessories. 

Conventional switch controls, such 
as thermostats, timers and _ wall 
switches can be incoroprated in the 
installation via connection to a D-bus 


“(04 580) 200657 (National We 


ne $9) 9850 NIP 3 


signal collector. 


Serial bus 

An alternative low-cost home automa- 
tion system is offered by Skylake 
Talix®, This company’s serial bus uses 
a serial applications interface—a pro- 
prietary asic (applicalion-specific inte- 
grated circuit)—to provide the link 
from the processor module to as many 
as 15 remote modules. 

The ability of an integrated home 
system to coordinate individual sub- 
systems will prove a great advantage 
for the disabled person. A_ project 
aimed at providing such services is 
underway at the University of 
Reading’. Known as the HS-ADAPT 
(Home Systems - Access to this Tech- 
nology for Disabled and Elderly Peo- 
ple), it is supported by the European 
Commission's TIDE programme and is 
based on the Hs specification. 

The project is concentrating on the 
development of a range of portable 
user interfaces that have bi-direc- 
tional communications to the resi of 
the system over an IR link. 

Also specifically for the disabled, 
Hugh Streeper’ has produced a 
portable control system. Known as 
Fox, the controller was awarded the 
British Institute of Electrical Engi- 
neers’ 1995 prize tor helping the dis- 
abled. 

A small lightweight device. Fox can 
be easily mounted on wheelchairs, 
beds, armchairs and stands. It is 
radio-frequency operated and can con- 
trol mains and battery powered equip- 
ment. It has 22 control selections. 
each controlling up to three functions, 
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and ten stored telephone numbers. 
With all this activity, HBES technol- 

ogy has passed the development stage. 
and a good many British companies 
are rady to take a leading role in the 
creation of the ultimate in home com- 
fort. 

1 British Automated Homes and Buildings 
Association, 34 Palace Court, London 
W2 4HY. 

2 EA Technology, Capenhurst, Chester 
United Kingdom CH1 GES 

3 Echelon Europe Lid, 77 Fulham Palace 
Road, London, United Kingdom W6 8JA 

4 Phillips APG, Cross Oak Lan, Redhill, 
Surrey, United Kingdom RH! SHA 

5 Home Automation, Bumpers Way, Chip- 
penham, Wiltshire,United Kingdom 
SN14 6LF 

6 Skylake Talix, Unit 3. Lulworth Busi- 
ness Centre, Nutwood Way, Totton, 
Hampshire, United Kingdom SO4 3WW 

7 University of Reading, Department of 
Cybernetics, Whiteknights, Reading. 
Berkshire, United Kingdom RG6 2AY 

8 Hugh Streeper Ltd, Queen Mary's Uni- 
versity. Rochampon Disabled Centre, 
Roehampton Lane, London, United 
Kingdom SW15 5PL 


MORRISON (MICROS) MOVE 

Due to the steady growth of business 
over th past few years, Morrison (Mi- 
cros) has decided to set up in Malta 
under the name Leading Edge Technol- 
ogy Lid. The company will continue 
with its present product range, but will 
be capable of a much higher produc- 
tion capacity than at present, and will 
have more facilities for research and 
development. This will ensure that it 
will be able to provide innovative new 
products and grow with the ever 
changing electronics market. 

Leading Edge Technology Ltd, White Rose 
House, Trio IX - Xintill, Tarxien, Malta 
PLAL1L. Telephone /fax +356 678 509. 


ibl FC12-200M FROM 

B.K. ELECTRONICS 
To complement their range of loud- 
speakers, Infinite Baffle Limited have 
introduced a foldback monitor stage 
loudspeaker. The loudspeaker cabinet 
has been designed so that the user has 
a choice of two angles, 30° or 60° to 
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suit most applications. Bass response 
has been tailored especially for fold- 
back applications. Overall response ex- 
iends down to 45 Hz and up to 20 kHz. 

The cabinet comes fully flight cased 
and has a steel grille fitted on the front 
to protect the 12" driver. It measures 
590x400x357 mm (wxhxd) and weighs 
16 kg. 

The unit is competitively priced at 
£105, incl. vat, each plus & 12-50 
p&p, and is available only from 
B.K. Electronics, Unit 1, Comet Way, 
Southend-on-Sea, Essex, United Kingdom 
SS3 SNR. Telephone +44 (0)1702 527 572. 
Fax +44 (0)1702 420 243. 


NEW FROM HITEX 


pment Kit 


Dallas 320 Des 
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Hitex have available a low-cost devel- 
opment kit, Kit-320, for the Dallas 
80C320 high-performance microcon- 
troller. The kit is a complete tool chain 
and consists of the Keil assembler and 
ANSI C compiler with optimized libraries 
for the 80C320, a prototyping board 
with the unique HiTOP monitor debug- 
ger and all cables and power supplies. 

To help designers get through the 
first stage of a network project, Hitex 
have a development board and kit for 
the popular Controller Area Network, 
CAN, protocol. The board is available on 
ils own or as part of a kit with Cc com- 
piler, assembler, HiTOP monitor and 
comprehensive demo code. The moni- 
tor has c source level debugging and 
special user pages which allow an engi- 
neer to directly examine and modify 
the state of each CAN mode. 

Hitex have recently introduced a 
novel form of 68000 target monitor to 
complement their BbDM debugger. The 
telemon68K Universal uses a tech- 
nique called ROMLINK which connects 
directly to the EPROM socket of the 
68000 target and communicates to he 
cpu via the processor bus. The connec- 
tion to the pc is a parallel link to the 
printer port which gives fast communi- 
cation to the target. The ROMLINK adap- 
tor needs little configuration and sits in 
the boot EPROM socket of the target 
hardware. 

Hitex have many more products 
availab!e: further information [rom 
Hitex (UK) Ltd, Warwick University Science 
Park, Coventry, United Kingdom CV4 7EZ. 


FROM THE WORLD OF ELECTRONICS 


Telephone +44 (0)1203 692 066. Fax +44 
(0)1203 692 131. 


DIGITAL SIGNAL PROCESSING 
THE ROADSHOW 

Miller Freeman Technical (formerly 
Morgan Grampian Technical) have de- 
signed a series of specialist events fo- 
cusing on digital signal processing. 
Providing an educative and a purchas- 
ing forum for technical management 
and engineers, Digital Signal Process- 
ing - The Roadshow will be visiting a 
venue near to you [rom October 1995 
to September 1996. It features a tech- 
nical conference, a free exhibition and 
free supplier product presentations. 


Glasgow 24-25 October 1995 
Bristol 7-8 November 1995 
Cambridge 14-15 February 1996 
Birmingham 17-18 April 1996 
Manchesier 5-6 June 1996 
London 25-26 September 1996 


Full details from 

Miller Freeman Technical |.td, 6 Faraday 
Close. Clacton-on-Sea, Essex, United King- 
dom CO15 4BR. Telephone +44 (0)181 614 
8042. or surf the net on http://www, digii 
Net.co.uk/ 


TEST '95 EXHIBITION 
& CONFERENCE 

The Test '95 Exhibition & Conference, 
sponsred by TEST magazine, the in- 
dustry’s European journal, will take 
place at the Telford International Cen- 
tre on 10-11 October 1995. The under- 
lying theme this year will be innova- 
tion, with subjects ranging from the 
use of a pc for low-cost ATE to advanced 
manufacturing test, from device char- 
acterization to environmental testing. 
There will also be an update on the vx! 
plug & play initiative, together with an 
open forum with the vxI vendors - a 
session that promises a very lively de- 
bate. Details from: 

Angel Business Communications Ltd. 
Kingsland House, 361/373 City Road, Lon- 
don, United Kingdom EC1V LLR, Telephone 
+44 (0)171 417 7400. Fax +44 (0)171 417 
7500. 


SIMPLE CAPACITANCE METER 


Based on an idea of Dr K.C. Rohwer 


Based on a simple measurement principle and an 
inexpensive digital voltmeter (DVM) module, a simple 
capacitance meter is described that can measure, with 
better than average accuracy, capacitances 
from 1 pF to 1 pF in two ranges 


he capacilance meter is based on 

ihe CMOS version of the ubiquitous 
Type 555 timer Ic. As shown in Fig. 1, 
it is arranged as an astable multivi- 
brator (AMV), whose frequency is con- 
trolled by the unknown capacitor, C,. 
The output frequency of the AMV is in- 
versely proportional to the measured 
capacilance. In other words, the AMV 
functions as a capacitance-to-fre- 
quency (C/f) converter, 

The AMV is followed by a frequency- 
to-voltage ({/U) converter, whose out- 
pul voltage is inversely proportional to 
the frequency of the AMV. This means 
that the vollage measured by the digi- 
tal-voltmeter (DVM) module can be 
read on the liquid-crystal display (LCD) 
directly as a capacitance. 

Note that il is possible to use a 
stand-alone DVM instead of the built- 
in DVM module. 

The block Uy, in Fig. 1 provides a 
reference voltage for both the AMV and 
the f/U converter. 


The AMV 


The AMV is based on the standard os- 
cillator circuit formed by IC, in Fig. 3. 
The frequency of the oscillator is deter- 
mined by the RC network at its pins 2 
and 6, The circuit has two measure- 
ment ranges, selected by S;. Depend- 
ing on the position of the switch, ca- 
pacitor Cy or Cy is connected in paral- 
lel with the unknown capacitance, C,. 
These capacitors compensate for the 
effect of parasilic capacitances; this 
will be reverted to later on. 

In both measuring positions of S;, 


| Brief specification i 


capacitance Cy 


is charged to the 3.3V 
reference voltage via two identical re- 


sistors. When Cy, is being charged, 
pin 7 of IC, is high-impedance. This 
changes, however, as soon as the volt- 
age across the capacitor reaches 2/3 of 
the reference voltage (= operating volt- 
age of the IC). A switch in the Ic then 
connects pin 7 to ground, whereupon 
C, is discharged via R; or Ro, depend- 
ing on the position of S}. When the po- 
tenlial across C, has dropped to 1/3 of 
the reference voltage, the switch in IC, 
removes pin 7 from ground, whereupon 
this becomes high impedance again. A 
new charging cycle then begins. This 
process repeats itself at a frequency 
determined by the value of C,. Since a 
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small capacitance is charged and dis- 
charged more quickly than a large one, 
the frequency with a small capacitance 
is higher than with a large one. 

At each transit from charging to dis- 
charging, the logic level at the outpul 
of IC) changes. This means that the 
AMV generates a rectangular signal. 
whose frequency diminishes when C, 
increases. Since IC, is a CMOS lype, the 
level of its rectangular output signal 
readily reaches the level of the supply 
voltage when the outpui load is small. 
The supply voltage is derived from the 


reference voltage via IC), and ICy and 
is thus very stable. 

As mentioned earlier, capacitors Cy 
and Cz in parallel with C, compensate 
for the effect of parasitic capacitances. 
It would have been simple to choose a 
15 nF trimmer for Cy, were it not for 
the fact that such high-value trimmers 
do not exist. Therefore, a fixed capaci- 
lor of a value some 1000 greater than 
the parasitic capacitance is used. In 
the lower range, Co is set for a value of 
parallel capacitance commensurate 
with the measuring range. This en- 
sures that, as a percentage, the capaci- 
tive offset contained in the measure- 
ment results for both ranges is the 
same, provided there is no further ad- 
justment with P; when the other mea- 
surement range is selected. Preset P) is 
used to set the display to zero when 
the C, terminals are open-circuit; when 
this is done, the offset voltages of the 
op amps, and particularly that of ICgq, 
are set to zero at the same time. 


f/U converter 


In contrast to the straightforward de- 
sign of the AMV, the function of the 
J/U converter is rather more complex. 
It consists of: 

* an integrator with automatic offset 
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Fig. 1. Block diagram of the capacitance meter 
with integral digital-voltmeter module. 


correction; 

¢ a half-wave rectifier: 

* an averaging circuil: 

* adirect-coupled amplifier. 


Any direct voltage on the timer output 
is prevented from reaching the //U 
converter by Cy, 

The supply for the converter is 
taken from the reference voltage, 
which thus forms the zero potential of 
the rectangular signal at pin 6 of IC»: 
Uamy in Fig. 2. 

The output signal of IC, is the cen- 
tre waveform in Fig. 2, U;. This is a 
(riangular signal whose amplitude di- 
minishes with rising frequency (as in a 


low-pass filter), Owing to the auto- 
matic offset correction, the triangular 
signal is symmetric w.r.t. the base line 
(= 3.3 V reference voltage). 

Half-wave rectifier 1Cy,.. removes vir- 
tually all of the negative half cycles. 
The resulting signal is inverted at the 
output of the rectifier, resulting in the 
lower waveform, U_ of Fig. 2. 

The averaging circuit consists of 
low-pass filter R,}-C7, which is termi- 
nated into a high-impedance load by 
d.c. amplifier IC,qg. The op amp 
maiches the voltage level and range to 
that of the DVM module {or DVM). The 
peak voltage, afler averaging. is 
400 mV at the top end of the measur- 


Fig. 2. Output signal waveforms of the AMV, 
integrator and half-wave rectifier. 


ing ranges (1 nF and 1 pF respect- 
ively). 


Reference-voltage source 


Measurements are linearly related to 
the reference voltage. U,. It is for that 
reason that the source of this voltage 
requires careful design. Apart from 
being independent of the battery volt- 
age, it must be very stable over a wide 
temperature range. Also, because of 
the cost of 9 V batteries, the necessary 
voltage regulator should draw a very 
small current only. Consequently, a 
low-power voltage-reference IC is used: 
IC3, Unfortunately, this can provide an 


peer os oe arkeare peepee: 


Fig. 3. Circuit diagram of the capacitance meter with integral digital-voltmeter module. 
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10] TEST & MEASUREMENT 


Fig. 4. Printed-circuit board for the capacitance meter. 


output of not more than 2.5 V. Since 
buffering is required in any case, this 
voltage can be raised to some extent 
by buffer 1Cy,.In this way, a value of 
3.3 V is oblained, which is a good 
compromise between low battery drain 
and good stability. This level is just 
under half the battery voltage. 

Capacitors C,, and Cj» at the out- 
put of the voltage source enhance the 
decoupling at high frequencies. The 
resulting capacitive load at the output 
of the op amp is reduced by Rjg. More- 
over, Cjg improves the stability in the 
feedback loop. 


DVM module or not? 


As stated earlier, the circuit can be 
used as an adaptor for a digital multi- 
meter (2 V direct voltage range), or 
with a permanently built-in DVM mod- 
ule with a 200 mV range. 

When the circuit is used as an 
adaptor, its supply voltage is switched 
on and off with the rotary switch on 
the board. Switch Sy and resistor Ryg 
are then not used: wire bridge JP; on 
the board must be used instead. 

When a DVM module is used (which, 
by the way, is not very expensive), the 
rotary switch must be restricted to two 
positions with the end-stop. Since the 
module needs its own 9 V battery, 
double-pole switch Sg then serves as 
on/olf switch. Wire bridge JP, is not 
needed, but Rjg is: it scales down the 
0-2 V output voltage range of the mea- 
suring circuit to 0-0.2 V at the DVM 
input. 


Construction 


Populating the printed-circuit board 
shown in Fig. 4 should not present 


C - METER 


— 0000000 fe 


any undue difficulties, but remember 
the earlier comments regarding wire 
bridge JP}, switch Sy and resistor Rjg. 
The completed board is shown in the 
photograph in Fig. 5. When all is 
done, the meter is best built into a 
suitable enclosure for which a sug- 
gested front panel is shown in Fig. 6. 
Note that neither the printed-circuit 
board nor the front-panel overlay are 
available ready-made. 


Calibration & use 


After the supply has been switched 
on, it is always best to wait about 30 
seconds to give the integrator time to 
settle down to a stable state. 

With the C, terminals open, select 
the upper measuring range (1 nF to 
1 pF) and adjust P; to obtain zero 
reading on the display or external 
DVM. Then, select the lower measuring 
range (1 pF to 1 nF) and adjust Cy for 
zero reading on the display or external 


Fig. 6. Suggested front panel layout for the capacitance meter. 
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TUNING FORK AMPLIFIER 


Design by T. Giesberts 


An amplifier is described which, after a tuning fork has 
been struck, gives a continuous 440 Hz tone 
(= International A), so that the user has both hands free 
to tune the relevant instrument. 


he setup of the tuning fork ampli- 

fier is shown in the block diagram 
of Fig. 1. The operation is comparable 
to that of a crystal oscillator, in which 
ihe crystal has been replaced by a 
tuning fork and a pick-up coil. The 
tone produced by the tuning fork is 
picked up by the coil and maintained 
by positive feedback in the amplifier, 
after which it is made audible by the 
loudspeaker. 


$36000X - 12 | 


. Block diagram of the tuning 
fork amplifier, 


: “5 


a 


Fig. 2. Circuit diagram of the tuning fork amplifier. 


The pick-up coil is similar to that in 
an electric guitar. The vibrations of the 
tuning fork disturb the magnetic field 
in the core, which causes a small al- 
ternating voltage to be induced in the 
coil. 

The coil voltage is applied to a nar- 
row-band 440 Hz filler, which removes 
the harmonics and other unwanted 
frequencies. The 440 Hz signal is then 
applied to an a.f. amplifier, whose out- 
put is applied to a small loudspeaker. 
Note that as long as the fork vibrates, 
the loudspeaker will sound and as 
long as the loudspeaker sounds, the 
fork will vibrate. The circuit thus acts 
as an oscillator. 


Circuit description 


The coil is a solenoid from a second- 
hand relay. preferably a 24 V type be- 
cause of its greater sensitivity. A small 
permanent magnet is fixed at the back 
of the solenoid to create a permanent 
magnetic field, 

The coil potential is applied to 
440 Hz filler IC). The resistors and ca- 
pacitors associated with the IC, except 
decoupling capacitors Cy and C4, de- 


termine the properties of the filter, 
such as the central frequency, f,, the 
Q(uality) factor and the amplification. 

The most important parameter for 
the present application is the central 
frequency which musi be 440 Hz to 
comply with the International tuning 
frequency (note A). Preset P; allows f, 
to be varied from 352 Hz to 528 Hz. 

The 440 Hz signal is applied to a.f. 
amplificr ICy via C5. This stage has 
been designed to give maximum am- 
plification at 440 Hz to ensure further 
alltenuation of any harmonics. The 
amplification, o, is set with Py. 

The output of IC) is applied to 
‘power’ amplifier T,}-T). Feedback re- 
sistors R7-Rjg determine the gain of 
the amplifier: the amplification factor is 
(Rg+Ri9)/Rg = 430/100 = 4. Since the 
amplifier can be driven almost to the 
level of the supply line, the output sig- 
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Fig. 3. Printed-circuit board for the tuning fork amplifier. 


nal of ICy must be not greater than '4 
of the supply voltage. 

The power output of the amplifier is 
applied to the Joudspeaker via Cg. To 
make this capacitor also function as 
additional impedance to limit the 
power to the loudspeaker and thus the 
ioial current drain, ils value has been 
kept relatively small. 

As already stated, the sound waves 
emanating from the loudspeaker keep 
the tuning fork in vibration. 


Construction 


The amplifier is intended to be built on 
the printed-circuit board shown in 
Fig. 3. In the design of the board, par- 
ticular attention has been paid to the 
avoidance of earth loops. 

During the building of the board, 
make sure that enough space is left for 
the heat sinks of T,; and Ty: these must 
not touch any components. 

Note that Cy y and C;; must be 
mounted in opposite directions on the 


Fig. 4. Artist's impression of the completed 
amplifier in its enclosure. 
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board. 

Make sure that IC; and ICg are 
placed correctly in their sockets. 

In the assembly of the electronics 
and tuning fork in the enclosure, it is. 
of course, important that the tuning 
fork can vibrate freely just as in man- 
ual operation. Also, the pick-up coil 
must be placed close to the tuning fork 
to avoid undue attenuation of the volt- 
age induced in the coil. 

As slated earlier, the pick-up coil is 
the solenoid removed from a discarded 
(preferably 24 V) relay. Using super- 
glue, fix a small permanent magnet at 
the back of the solenoid (where the ter- 
minals emerge). 

Superglue is also used to fix the 
loudspeaker and the pick-up coil as- 
sembly to the enclosure as shown in 
Fig. 4. For the prototype, perspex was 
used, but wood is, of course, also per- 
fecily all right. If perspex is used, be 
careful with the glue, because every 
spilt drop remains visible. 

The board is fixed to the enclosure 
on spacers as shown in Fig. 4 and 
Fig. 5. 

Note that the distance between the 
tuning fork and pick-up coil should not 
be greater than 1-1.5 mm, The block in 
which the tuning fork is clamped may 
be made from a piece of perspex into 
which two holes are drilled at right an- 
gles. The smaller one is tapped for the 
fixing screw. Alternatively, it may be 


Fig. 5. Photograph of the completed amplifier with 
the rear panel removed. 
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T support: 

© Unlimited Design Capacity. 

2 Full DRC and Connectivity Checking. 

© Advanced Multi-Strategy Autorouting. 

© ‘Output to printers, plotters, Postscript, 
Gerber, DXF and DTP bitmaps. 

© Gerber View and Import capability, 


labcenten 


Write, phone or fax for your 
free demo-disk, or ask about 
our full evaluation kit. 
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53-65 Main St, Grassington, N Yorks, BD23 5AA 
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Proteus software is for PC 386 compatibles and runs under MS-DOS. Prices start from £475 ex VAT; full system costs £1495. 
Call for information about our budget, educational & Windows products. All manufacturers’ trademarks acknowledged. 


made from two pieces of wood as 
shown in Fig. 6. Whatever material is 
used, the block is glued on to the en- 
closure (superglue in the case of per- 
spex, good woodglue in the case of 
wood). 

The batteries are best fixed in place 
with double-sided sticky tape. 


Setting up 


Switch on the supply, set Py to the 
centre of iis travel, and lightly tap the 
tuning fork. If all is well, a tone at or 


Fig. 6. The clamp for the tuning fork 
may be made from two blocks of wood. 


near 440 Hz will be heard from the 
loudspeaker. If nothing is heard, turn 
Po for full volume and try again. If this 
produces no results either, switch off 
and inspect all connections and the 
board again. 

The unit may be set to exactly 
440 Hz (which is a must for musi- 
cians) with the aid of a frequency 
meter. The frequency is set with P). 

Note that if a tuning fork of differ- 
ent frequency is used, the values of 
the components in the low-pass filter 
and the various RC networks must be 
recalculated. 


Parts list 
Resistors: 

R, = 47 kQ 

Ry = 1 kQ 

Ry = 1 MQ 

Ry. R35 = 4.7 kQ 
Rg = 10 kQ 

Rz. Rg = 220 Q 
Rg = 100 2 


Rig = 330 Q 
P, = 500 2 (470 Q) presei 
Py = 100 kQ, linear 


Capacitors: 
C), Cg = 10 nF 
Cs, C4 = 100 nF 


Cs = 150 nF 
Cg = 330 nF 
C; = 1 nF 
Cg = 33 pF 


Cg = 10 pF, 40 V, bipolar, radial 
Cyo: Cy = 220 HF, 25 V 


Semiconductors: 
D), Dy = 1N4001 
T, = BC327 

Ty, = BC337 


Integrated circuits: 
IC}, ICo = LF411 


Miscellaneous: 

L, = see text 

Ls; = loudspeaker 28 ©, 0.5 W 

Bt;, Bly = 9 V (PP3) battery with 
connecting leads 

2 off heat sinks for T), Ty 

PCB not available ready made 

[936009] 
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‘MATCHBOX’ BASIC COMPUTER 


(Part 1) 


The miniature size computer described in this short series of 
articles heralds a new era in DIY microcontroller development 
systems. The MatchBox computer (MBC) is cheap, simple to 
program in a BASIC dialect, and uses an EEPROM for non- 
volatile program storage. Programs for the MBC may be 
written, edited, debugged and downloaded with the aid of an 
MS-DOS PC, using the serial RS232 port. To support the 
hardware, a variety of programming examples ‘from the 
ground up’ and system utilities are available on a floppy disk. 


am 
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Hardware design and software by Dr. M. Ohsmann 


HE great thing about using an 

EEPROM (electrically erasable 
PROM) in the MatchBox BASIC com- 
puter is that you do not need an ex- 
pensive EPROM programmer, and do 
not waste lime on erasing and repro- 
gramming a conventional EPROM, 
which normally takes at least half an 
hour (even if, say, five bits are wrong 
on a total of 4,000). After downloading 
ithe user program into the EEPROM, 


the Matchbox computer is fully pro- 
grammed, and the code is retained for 
ever, even if the power is swiiched off. 
This programming sequence can be re- 
peated up to 100,000 times. 

Programs for the MBC originate 
from a PC, which represents an inex- 
pensive and widely available tool for 
this function. The MBC requires nei- 
ther assembly code programming nor 
an expensive (cross) compiler. Thanks 


MATCHBOX BASIC 
COMPUTER © 


-» Easy programming in BASIC-like 
_ language 
» Ideal project for newcomers to 
_ microcontroller technology © 
» Simple 8051 based hardware 
» Flexible memory expansion 
» LCD and RS232 support 
» I2C bus support 
» EEPROM for program storage 
» No EPROM programmer or 
emulator necessary 
» Inexpensive development software 
running on aPC 
» 27 I/O lines 
» 16-byte variables memory in RAM 
(expandable with 12C RAMs) |. 
» EEPROM variables for permanent 
data storage 
» Low current consumption 
» Compiler, communication/down- 
load utility and programming 
examples available on diskette 
» Short programming course in 
instalments 
» PCB; disk and controller available 
through Readers Services 


to the complete integration of RS232 
(V24), LCD and I?€ drivers in the con- 
trol software, the MatchBox computer 
has many applications, and is simple 
to extend. It is, therefore. eminently 
suited to control applications. Because 
of iis small size and low current con- 
sumption, the MBC may be incorpo- 
rated into existing equipment which 
requires any degree of ‘intelligence’. 


The concept 


All the problems, loss of time and 
money, normally associated with tradi- 
tional EPROMs used in microcontroller 
development systems are virtually 
eliminated by an EEPROM which can 
be re-programmed while it remains in 
the circuit. The whole operation of re- 
freshing an entire program takes sec- 
onds rather than minutes, and you do 
not need a UV chip eraser unit, an 
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Fig. 1. Programming and hardware overview of the BASIC MatchBox computer project. 


EPROM programmer and/or EPROM 
emulator to get going. 

The heart of the MatchBox com- 
puter is an 8051-derivate microcon- 
troller. To avoid the use of an external 
address latch, a serial I?C EEPROM is 
used instead of the traditional 28C256 
EEPROM. This leaves many port func- 
tions offered by the microcontroller 
free for user applications. These days, 
serial EEPROMs are available with a 
storage capacity of up to 8 KBytes, 
which can hold complex application 
programs. In the present circuit, how- 
ever, a 256 or 512 byte EEPROM is 
used, whose capacity is ample for 
many small applications, 

The processor requires a kind of 
mini operating system to be able to 
fetch and execute the user program 
stored in EEPROM. This operating sys- 
tem is burned into the processor's in- 
ternal 4-KByte OTP EPROM. The 
ready-programmed processor is avail- 
able through our Readers’ Services. 
Apart from allowing programs to be 
stored into the EEPROM, the operating 
system also provides an interpreter 
which translates the tokenized code 
contained in the EEPROM into ma- 
chine code. The tokenized code is writ- 
ten in a format called MBIL (MatchBox 
Interpreter Language), which allows 
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the user program to be stored in com- 
pressed form in the EEPROM. 

That brings us to the subject of pro- 
gramming. The user writes his/her 
program in a ‘higher programming lan- 
guage’, — called MBL = (MatchBox 
Language). This text is fed to the 
MatchBox Compiler (MBC) which (still 
running on a PC) turns the text into 
the MBIL format for downloading to 
the MaichBox computer. These steps 
are illustrated in Fig. 1. Actually, the 
MBIL (download) format is invisible to 
the user, so you need not bother about 
it. As far as you, the user, are con- 
eerned, the MatchBox computer un- 
derstands the MatchBox language [i.e., 
a dialect of BASIC) directly. 

Apart from the hardware discussed 
in this article. you only need the 
MatchBox diskette. a PC and an 
RS232 cable to create an astoundingly 
simple, yet powerful, microcontroller 
development system. 


Circuit description 


The complete circuit of the MatchBox 
computer is shown in Fig. 2. The main 
component is CPU IC,, which contains 
the MatchBox interpreter in its inter- 
nal ROM. The well known MAX232 
(ICo) is used as a two-way level con- 


MatchBox: hardware and 
‘software ; 


The MatchBox computer willbe 
presented to you in greater detail in 
the next three or four issues of this 
magazine. This first instalment deals _ 
with elementary descriptions of the 
possibilities of the MatchBox 
computer, as well as with the 
hardware (construction). The next 
instalments will concentrate on the 
BASIC language used to program the 
computer. 
The programming examples to be 
discussed have a clear didactic aim, 
and so turn the instalments into a 
short course. Small, experimental, 
projects will be presented which use 
the MatchBox aad hal as a starting | 
point. ae 
A collection of <icatul programs for 
the MatchBox computer is available 
ona 3.5-inch Ms-DOS diskette, which 
contains — iH 
» MatchBox Compiler (DOS) 
including: ‘manual. 
- Over 20 programming 
examples. 
- MatchBox menu irik (pos). i] 
= : bearatenton instructions. 


Sree code: 956009-1 


verter between the circuit and the 


RS232 lines to the PC's serial port. An 
°C bus is created with the aid of CPU 
pins P3.4 (TO; I?C SCL) and P3.5 (T1: 
12C SDA). This bus forms the connec- 
tion to the external program memory, 
an EEPROM (ICs). To enable I?C de- 
vices to be connected which are capa- 
ble of generating an interrupt (for 
example, a real-time clock, or an 1/O 
expander), pin P3.3 (INT1) is cm- 
ployed, and also taken to connector 
Ks. 

The power-up reset pulse for the mi- 
croprocessor is furnished by Rs-C,. Pin 
P3.2 (INTO) has a special function in 
this circuit because it acts as the 
Command Mode pin. If it is low imme- 
diately after reset, the MatchBox com- 
puter slarls in command mode, and is 
able to receive new programs via the 
serial link to the PC. If this pin is logic 
high after a reset, the MatchBox com- 
puter starts to execute the user pro- 
gram stored in EEPROM ICs. 

All other CPU pins are available on 
connectors for user applications. 
Quartz crystal X, determines the clock 
speed of the processor. It also sets the 
baud rate (data speed) on the serial 
link between the MBC and the PC. 
Diode D; acts as a polarity reversal 
protection, while regulator IC, allows 
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oo CoCo 0O.CoC ee Cc 


X1 = 11.0592MHz 


Fig. 2. Circuit diagram of the MatchBox computer. 


the MBC io be powered by a 9 to 15 V 
d.c. supply. 


Options 


Depending on your requirements and 
applications, and the different types of 
EEPROM available, the computer of- 
fers a number of configurations. The 
available options are discussed briefly 
below. 


Reset options 

If you want to connect an external 
watchdog or reset controller, capacitor 
C; must be omitted. If necessary, the 
reset presskey may also have to be 
connected in a different way. 


EEPROM options 

The circuit allows different types of 
EEPROM to be used, Depending on the 
type you want to use, capacitor Cg and 


resistor Re have to be fitted, omitted or 
replaced by a wire link. The configura- 
tions are listed in Table 1. The de- 
signer has successfully tested the 
types PCF8583C, ST24CO4B1, 
ST24CO8B1 and X24C164. Although 
he other EEPROMs listed have not 
been tested, they should also work. 


Supply options 

The on-board voltage regulator, IC4, al- 
lows you to use almost any small d.c. 
supply with an output voltage between 
9 V and 15 V to power the MBC. If you 
have a 5-V supply, IC, is omitted and 
replaced by a wire link. 


Quartz crystal options 

Although you may, in principle, use 
any quartz crystal with a frequency be- 
tween 4 MHz and 12 MHz, it should be 
noted that the quartz frequency deter- 
mines not only the CPU speed, but 


EEPROM Capacity 


PCF8582A 296 bytes 


PCF8582B nf. nf 256 bytes 
PCF8582C nf. nf. 296 bytes 
24C04B1 nf. link 512 bytes 
22C08B1 nf. link 1024 bytes 
X24C16 nf link 2048 bytes 


Table 1. EEPROM options. n-f. = not fitted. 


also the baud rate of the serial link via 
which the downloads are made, 
Choosing, say, 8 MHz, may work as [far 
as the user programs are concerned, 
but it will result in a baud rate which 
is not supported by your PC. The rec- 
ommended quartz frequency is 
11.0592 MHz. This gives standard 
baud rates while being near the maxi- 
mum speed of the processor. Although 
you may find that the CPU works up to 
16 MHz, downloads to the EEPROM 
will not be reliable at clock speeds in 
excess of 12 MHz. Furthermore, all 
timing values used in the example pro- 
grams on the disk with this project are 
based on a clock of 11.0592 MHz. The 
use of a different quartz frequency is 
not recommended unless you have 
some experience. 


How it works 


After a reset, the 87C51 starts to exe- 
cute the code contained in its internal 
ROM. This code, as already mentioned, 
forms the ‘invisible’ operating system 
of the MBC. One of the first actions is 
a check on the level of the INTO line 
(P3.2). If a low level is read, the system 
enters the Command Mode. [n this 
mode, the user program may be loaded 
into EEPROM ICs. and started. This is 
normally done with the aid of the 
MatchBox compiler, in particular, with 
the integrated Terminal Emulator. If 
the processor reads pin P3.2 as high, 
the operating system starts to execute 
the user program stored in the EEP- 
ROM. The EEPROM also tells the oper- 
ating system whether or not further 
EEPROMs are connected which also 
contain parts of the user program. 
This information is obtained by fetch- 
ing the configuration parameters [rom 
the EEPROM before the start of the 
user program. Because of this, the 
socket for IC; should always contain 
an EEPROM having the I?C address 
10100000,, irrespective of whether 
any further EEPROMsS are connected. 
Next, individual bytes are fetched 
from the EEPROM, and interpreted. As 
already mentioned, the EEPROM does 
net contain 8051 machine code, but a 
special lype of code. Because each byte 
is addressed and fetched individually, 
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COMPONENTS LIST 


Resistors: 
Ry.= 100Q 

Ry = see text 
Ra,RasReg = 3kQ3 
Rs. = 47kQ 

Ry = Tk 


Capacitors: 

Cy = 1pF 16V radial 
Ca-Ce,Cy2 = 10pF 16V radial 
Cg, Cag =.100nF 

C7,Cg = 1pF 25V 

Cg = see text 

CroCi1= 22pF, raster 5mm 


Semiconductors: a 
D, = 1IN4148 


Dy = LED, 3mm na nee 
IC, = 87C51 (PLCC44) (order code 
956508-1) ages 

ICp = MAX232 

IC3 = 24C04 (see text) 

IC, = 7805 


Miscellaneous: 

K, = 20-way boxheader. 

Kz = 10-way SIL pinheader. 

Kg = 12-way SIL pinheader, 

Ky = 10-way boxheader. 

X= quarz crystal.11.0592MHz. 

J1 = 3-way pinheader plus jumper. 
PLCC44 socket. 

8-pin DIL IC socket. 

16-pin DIL IC socket. 

PCB and programmed 87C51 (set); 
order code 950011-1, see page 70. 
Examples/utilities diskette: order code 
956009-1, see page 70. 
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Fig. 3. Artwork for the PCB designed for the MatchBox computer (board available ready- 


the execution speed of MatchBox pro- 
grams is not very high, For many prac- 
tical applications, however, the speed 
is more than sufficient. If you want to 
implement high speed program parts, 
there is always the possibility of calling 
8051 assembler routines. 

The selection between ‘stand alone’ 
or ‘command’ mode is determined by 
the level of the P3.2 line at start up. To 
make the selection as easy as possible, 
a jumper is provided. This is normally 
fitted in position ‘A’, when the user de- 
termines, via connector Ky, whether or 
not a download is desired, This re- 
quires P3.2 to be switched to ground. 
So, if you link pins 2 and 5 of the 
socket pushed onto pinheader Ky, the 
MatchBox goes into Command Mode 
after a reset. If you remove the socket 
from the pinheader, the MatchBox is 
in Stand-alone Mode. In this way, a 
suitable download cable can help to 
simplify the practical use of the com- 
puter. If you want to use P3.2 yourself 
in Stand-alone Mode, JP; may be set 
to position “B’ , and pin P3.2 may be 
connected via pin 8 on pinheader Kz. 


Construction and test 


It is strongly recommended to build 
the computer using the ready-made 
printed circuit board supplied through 
our Readers services, or through a kit 
supplier. The layout of this board is 
given in Fig. 3. IC sockets should be 
used for all ICs. In particular with the 
socket for IC), great care should be 
taken to fit it the right way around on 
the PCB. Before soldering, check the 
position of the bevelled edge of the 
PLCC socket against the mark on the 


Ki eae 
20-way boxheader : | 


te PAT 

2. P16 

PLS 

4° PTA 

SLES 

GSsP LZ 

ToSPLA 

Be PEO 

9 +5 volt 

10 Ground 

1 PO 

12. POO 

43° P03 

14° PO.2 

15 P05 

16: P04 

17° PO? 

18 P06 

19 ALE 

20 PSEN 

K2 

10-way, single row pinheader, remove pin 8 

1. Vee +5 V 

2° Command Mode actuate 

3 RxD, serial data to MatchBox; to pin 3:(2) of 9 
(25) way sub-D conn, on PC 

4 TxD, serial data sent by MatchBox, to pin-2 (3) 
of 9 (25) way sub-D conn: on PC 

5 Ground, to pin 5 (7) of 9 (25) way sub-D conn. 
on PC 

6 nc, 

FOS, 

8 -f.¢.} pin. removed, socket polarizer 

9 Reset switch 

10: Reset switch (Veco +5. V) 


K3 

12-way single row pinheader, remove pin 11 
1 P86 RD 

P3.7 WR 

Ground 

P3.5 26 SDA 

P3.4 170 SCL 

P3.3 °C INT1 

Veo #5 V 

P3.2 INTO if JP at pos, B 

P3.1. TxD 

10 P3.0 AxD 

11 Reset, pin removed, socket polarizer 
42 Reset 


O00 OR A oN 


K4 

10-way boxheader 

1:45 volt 
Ground 


2 
3 
4 
5 
6 P2.4 
7 
8 
9 
1 


P21 
0 P20 BONES 


Table 2. Connector pin functions. 


eal MICROPROCESSORS/MICROCONTROLLERS 


MATCHBOX 


Fig. 4. Connection, via K2, of the MatchBox computer to the PC for an initial test. 


component overlay. Capacitor Cy, is 
filted at the solder side of the board, 
beneath the processor. Do not forget 
the wire link! All capacitors are minia- 
ture types for upright mounting (ra- 
dial). 

Do not insert the ICs until you have 
checked the presence of the 5-V sup- 
ply voltage at the relevant pins of the 
IC sockets. If this is okay, switch off, 
and insert the ICs. observing their ori- 
entation. 

To prevent wrong connections on 
pinheaders Ky and Kg, the pins men- 
tioned in Table 2 may be pulled out 
and inserted into the mating SIL 
socket. In this way, it is not possible to 
fit the socket the wrong way around. 
This method is especially recom- 
mended when supply voltages are car- 
ried via the connectors on the board. 

The current consumption of the 
MatchBox BASIC computer is between 
11 mA (without the MAX232 and the 
LED) at 5 V, and about 30 mA at 12 V 
with the MAX232 and the LED fitted. 

After a last, thorough, visual in- 
spection of the board. the computer is 
ready to be connected to the supply 
and the PC as shown in Fig. 4. Fit the 
jumper in position ‘A’ (download en- 
able). and be sure to close switch §S). 
On the PC, start the terminal utility 
(within the compiler), or run another 
communication program set to 
19.200 bits/s (no handshaking). 
Switch on the MatchBox computer. 
The start up message 


Matchbox V03 (TOP=66) 


should appear on the PC screen. If not, 
press and release the reset key. The 
number behind the V indicates the ver- 
sion of the software. The TOP number is 
hexadecimal, and indicates to what ex- 


tent the internal RAM is used. The 
number ‘66° indicates that internal RAM 
is available for user programs, starting 
at address 66H. Next. you can start pro- 


gramming, on which subject you will 
find more in the next instalments of this 
article. To whet your appetite, we al- 
ready print an example file in Fig. 6. 


Extensions 


Because of the multitude of free port 
lines available on the MatchBox com- 
puter, connecting up extensions like 
LEDs. switches and keyboards (via 
suitable drivers) should not present 
problems. Example programs which 
help you with the software aspect of 
such extensions are available on the 
previously mentioned disk, and will be 
discussed in the following instalments. 
Likewise, the two communication 
channels of the MatchBox computer, 
RS232 and !°C, also lend themselves 
to extensions. The I?C bus in particu- 
lar enables a host of extensions to be 
hooked up and programmied quite eas- 
ily. Just look at the examples below. 


I?C RAM and EEPROM extension 

The schematic in Fig. 5 shows how ad- 
ditional EEPROMs or RAMs may be con- 
nected lo increase the memory capacity 
of the computer. The I?C bus addresses 


950011-1-15 


Fig. 5. Basic connection schematic for external I7?C RAMs and EEPROMs. 


Table 3. Memory extensions. n.f. = not fitted. 


Device capacity memory 
PCF8582A 56 kQ2 3.3 nF 256 bytes EEPROM 
PCF8582B nf. nt. 256 bytes EEPROM 
PCF8582C nt. nf. 256 bytes EEPROM 
24C004B1 nf. link 512 bytes EEPROM 
24C08B1 n.f. link 1024 bytes EEPROM 
X24C16 nf. link 2048 bytes EEPROM 
PCF8570 nf. link 256 bytes RAM 

PCF8571 nf. link 256 bytes RAM 
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if 


‘MATCHBOX’ BASIC COMPUTER - 1 es 


of the memory devices may be set via 
jumpers JP;, JPz and JP3. Depending 


; MatchBox Running Light on the type of EEPROM or RAM used, R; 
; and/or C, may have to be fitted, omitted 
RESOURCE I2C-EEPROM 256 BYTES @05000H ; program storage in EEPROM or replaced by a wire link, When con- 
RESOURCE 8051-RAM 10 BYTES @70H ; data storage in 8051 RAM necting several extension, be sure to 
avoid address conflicts. The MatchBox 
INTEGER X ; compiler is informed of devices available 
for program storage by means of special 
X:=00000001B ; first LED on, all others off declarations at the start of the BASIC 
LOOP: ; start of endless loop program. More about this in the next in- 
DELAY (100) ; idle time stalments, 
P1l:=NOT X ; port output, LEDs are active low 
X:=X SHL 1 ; shift bit pattern IC real-time clock extension 
IF X=100000000B THEN ; test if shifted 8 times Figure 7 shows how to connect a real- 
Krel ; if yes then turn on first LED again time clock IC to the MatchBox com- 
ENDIF ; puter via the I°C bus. A (Lithium) 
GOTO LOOP ; start over again batlery may be connected to diode Dy 
END to make sure that the clock keeps tick- 


ing when the supply for the computer 
is switched off. the clock is calibrated 
Fig. 6. Example of a MatchBox BASIC program (not on disk). with trimmer capacitor C,. Jumper JP; 
sets the [2C address of the clock. When 
JP. is fitted, the clock is allowed to 
generate interrupts. By means of spe- 
cial declarations, the RAM contained 
in the PCF8583 can be made accessi- 
ble for use by the MatchBox computer. 


LCD connection via I?C 

The circuit diagram in Fig. 8 shows 
how the matchBox computer may be 
used to drive an LCD module with the 
aid of an I?C bus expander type 
PCF8574. The I?C bus address is fixed 
in this IC, which makes for simple and 
elegant control of the LCD in the 
MatchBox programming language. 
Because the relevant driver is already 
available, outputting texts and num- 
950011-1-16 bers (for instance, measurement val- 
ues) to the LCD does not present 
problems. The inset in Fig. 8 lists the 
types of LCD which may be used in 
Fig. 7. Connecting up a real-time clock IC. this application. The pinning shown in 
the circuit diagram refers to the 
LM16255 only. For the other types, 
consult their datasheets. 


Other I?C extensions 


Type Char. 

LM16255 2x16 The MatchBox computer may also be 
LMO16L 2x16 connected to any of the I?C compatible 
H2570 1x16 modules described in this magazine 


over the past few years (use the EIT to 
look them up). The computer has a 
built-in, universal, I?C driver to enable 
the communication with these mod- 
ules. For instance, the computer is ca- 
pable of driving a 7-segment display 
module, or an equalizer. 


LMO18L 2x40 


Manufacturers: Hitachi, 
Sharp. 


8051 external memory extension 

Just like any other 8051-based 
processor system, the MatchBox may 
be connected to external RAM/EPROM 
memory via an address latch. To a cer- 
tain extent, such an extension may 
also be used, for instance, to store 
data or 8051 assembler routines. This 
option is, however, for 8051 experis 
only, and should not be attempted by 
Fig. 8. Connecting up an LCD. beginners. (95001 1-1) 


23:8 £3 BO Sos 


LM16255 


950011-1-17 
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PICTURE-IN-PICTURE PROCESSOR | 


Watch two wer 


video sources eee 
on one TV — 
screen 


Opinion is divided on the subject. Some say it’s extremely 
useful, while others hold that it is only for restless TV addicts. 
Picture-in-picture (PIP) is a feature found on only the most 
expensive of television sets. The set-top PIP processor 
described here adds double viewing to any TV set having a 
SCART socket with video and RGB inputs. The second video 
source can be a video tape recorder, a satellite TV tuner, a 
camera, or even a video disk player. 


Design by W. Sevenheck 


HE fans claim that PIP is not just 
high-tech fancy stulf, but an ex- 
tremely useful extension of the TV set's 
features. For example, by using PIP, 
you never get back too late to a film 
which was interrupted for a commer- 


cial break. That is, assuming that you 
started zapping across the other chan- 
nels when the film was suddenly inter- 
rupted for the latest on washing 
powder or toothpaste. When one of the 
other channel happens to be interest- 


ing too, you may well forget about your 
film after a few minutes. With the PIP 
processor that can not happen be- 
cause the small inset picture tells you 
exactly when the commercials end and 
the channel is safe to return to. Switch 
from inset to large screen, and you are 
back with your film again. 

The use of the insel picture is not 
restricted to TV signals only. It is pos- 
sible, for instance, to ‘PIP’ a camera 
signal for surveyance applications, for 
instance, to watch the children’s bed- 
rooms, the driveway, etc. 

The external PIP processor de- 
scribed here requires two video signal 
sources, That is not an unusual re- 
quirement, because top-of-the range 
TV sets also have two built-in TV tuner 
seclions to enable their PIP system to 
work. Fortunately, many owners of a 
TV without a PIP already have their 
second TV tuner: the one inside the 
video cassette recorder (VCR). The PIP 
processor described here is simply in- 
serted in the SCART link between the 
VCR and the TV set. It offers all fea- 
tures offered by a very sophisticated 
and highly integrated PIP processor IC. 
In contrast with high-end TV sets of- 
fering PIP, the inset picture may be po- 
sitioned at any location on the screen, 
while the size, brightness, colour set- 
tings and frame are also freely pro- 
grammable to suit your preferences. 
The only condition is that your TV set 
has a SCART socket with RGB and 
Fast Blanking inputs. 


Block diagram 


The block diagram in Fig. 1 shows 
that combining two video sources is 
nol at all simple. The main problem is 
to keep the two pictures synchronized 
to each other. This function is per- 
formed by the ‘heart’ of the circuit, the 
integrated PIP processor type 
SDA9188-3x and the associated A-D 
converter type SDA9187-2xX (both from 
Siemens Components). Apart from the 
synchronization, the PIP IC core also 
ensures that the ‘small’ picture is inset 
at the proper position in the large 
(main) picture. 

The core of the circuit requires a 
composite video (CVBS) signal sup- 
plied by the PIP, as well as synchro- 
nization signals supplied by the two 
video sources. These functions are car- 
ried out by a number of ‘smaller’ ICs: a 
PAL decoder type TDA4510, a base- 
band delay circuit type TDA4661, and 


ELEKTOR ELECTRONICS OCTOBER 1995 


video 
switch 
TEA2014A 


colour 
carrier 
trap 


PAL decoder 
TDA4510 
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analogue/ 
digital 

converter 
for PIP 


baseband 
delay 
TDA461 


horizontal/ 


vertical 


synchronisation 
TDA2579B 


PIP 
processor 
SDA9188 


switch 
TEASI14A 


horizontal/ 
vertical 
synchronisation 
TDA2579B 


MUX 
74HCT4053 


displ 
splay 
1 
IR receiver 
W 
¢ 


processor 


keyboard 


eo~ 


Fig. 1. Block diagram of the PIP processor. The core is formed by the Siemens SDA9188-3X which compresses the inset picture, and enables 
it to appear synchronized in the ‘parent’ picture. 


two horizontal/vertical synchroniza- 
tion separators type TDA2579B. The 
RGB output signals arrive at the RGB 
pins of the SCART connector on the TV 
set via a type TEA5114A RGB switch- 
ing circuit. The status information 
supplied by the PIP is also used as a 
switching signal. 

A microcontroller type 87C51 trans- 
lates commands received from a ‘local’ 
keyboard or an infrared remote control 
into I?C format, and also determines 
the mode of operation of the PIP core. 
Data is stored in a non-volatile pro- 
gram memory formed by an EEPROM 
type 24C02. The status signal gener- 
ated by the PIP processor also controls 
an analogue multiplexer (MUX, 
74HCT4053), which determines the 
parent picture/inset picture assign- 
ment of the two video sources, The 
parent picture is the main, large, pic- 
ture. The inset picture is the small pic- 
ture (sometimes called PIP by 
convenience). In video recorder play- 
back mode, the TV picture becomes 
the inset picture, and the VCR picture, 
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the parent picture. All settings can be 
checked with the aid of ten LEDs. 


The video signal paths 


The full circuit diagram of the PIP 
processor is given in Fig. 2. While the 
audio pins of the SCART sockets are 
simply interconnected, the video sig- 
nals are routed to the PIP processor via 
pin 20 of K, (video recorder) and pin 20 
of Ko (TV set), and first arrive at the 
video multiplexer (MUX). The video 
switch type TDA2014A is only used as 
a buffer/splitter. The analogue multi- 
plexer type 74HCT4053 switches ei- 
ther the VCR signal or the TV signal to 
the input buffer, pin 3. This signal is 
buffered and re-appears at pin 2. The 
VCR signal, on the other hand, is am- 


plified by a factor of 2 (independent. of 


the position of the MUX), and [ed to 


the video input of the TV set (pin 19 of 


SCART socket Kg). The video signal at 
the output (pin 2 of [C;) is displayed as 
the inset picture. It is routed in vari- 
ous directions: to a colour carrier trap. 


Rio-C15-La; to one of the syne separa- 
tors, ICg: and to a voltage divider, R)2- 
R,s, followed by a filler, Ls-C)2. The 
latter serves to extract the chromi- 
nance (colour) information and the 
colour burst from the composite video 
signal. 

The chrominance signal arrives at a 
type TDA4510 PAL decoder IC. 
Traditionally. this IC is accompanied 
by a glass-based delay line to store the 
chrominance information of the previ- 
ous line, allowing a special circuit to 
add the information contained in two 
successive lines, and so correct any 
colour errors. In the PAL system, the 
delay line delays the (R-Y) and -(B-Y) 
components modulated onto the 4.43- 
MHz subcarrier, for adding to the non- 
delayed signal. This addition is critical 
in respect of phase position and level. 

Here, the TDA4510 uses an elec- 
tronic equivalent of the ‘old’ glass 
delay line, a baseband delay circuil 
iype TDA4661. The two colour differ- 
ence signal outputs, pins 1 and 4 of 
ICy, supply demodulated difference 


30 AUDIO/VIDEO 
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Fig. 2. Circuit diagram of the PIP processor. 
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Fig. 3. The sandcastle pulse contains timing 
information about the colour burst, H/V sync 
pulses and the picture itself. 


signals (hence ‘baseband’) to ICs, 
which copies them into an analogue 
shift register. After propagating 
through the shift register, the 64-p1s 
delayed signal and the non-delayed 
signal are added in the IC to give the 
traditional -(R-Y) and -—(B-Y) compo- 
nents. The shift register is clocked by a 
PLL circuit contained in the TDA4661. 


The line frequency extracted from the ° 


‘sandcastle’ pulse is used as the refer- 
ence frequency for the PLL. 

The video signal is also applied to 
pin 5 of ICs. The TDA2579B has many 
applications, of which only two are 
used here. The main function of ICg is 
to generate the so-called sandcastle 
pulse (Fig. 3), whose position is deter- 
mined by the centre of the horizontal 
synchronization pulse contained in the 
video input signal. The sandcastle 
pulse is a three-level waveform which 
supplies timing references on four 


states: 

OV: normal picture reference level 
2.5V: vertical synchronization 
4.5V: horizontal blanking 

10.4 V: burst-gate clamp 


The sandcastle pulse supplied by IC, 
synchronizes the PAL propagation time 
demodulator (i.e., PAL decoder plus 
delay line), as well as the A-D con- 
verter for the inset piciure. Pin 3 of ICg 
supplies narrow pulses which depend 
on the vertical synchronization pulse. 
These pulses are also fed to the PIP 
processor, 

The second TDA2579B (IC)2) sup- 
plies the same information (sandcastle 
and vertical syne) derived from the 
parent video signal, and also drives the 
PIP core. 
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The PIP-plus chip set 


Briefly recapitulating, the following 
signals are available at the inputs of 
the PIP chip set: 


- luminance (brightness) of the inset; 
- colour difference of the inset; 

- sandcastle signal of the inset: 

- vertical sync pulses of the inset: 

- sandcastle signal of the parent: 

- vertical sync of the parent. 


The analogue signals (luminance and 
chrominance) need to be digitized be- 
fore they can be processed by the PIP 
processor. The A-to-D conversion is 
the main function of the SDA9187, 
which was developed specially for that 
application. As indicated by the block 
diagram of this IC (Fig. 4), the lumi- 
nance signal (YIN) and colour differ- 
ence signals (UIN and VIN) are 
clamped and then applied to three 
analogue-lo-digital converters with a 
resolution of 6 bits. The clamping lev- 
els (ie., the drive margin of the sig- 
nals) are determined by the voltage 
difference between VREFH and VREFL 
(black level). The luminance informa- 
tion is available as a six-bit wide word 
representing a value between O and 
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Fig. 4. Internal circuit of the SDA9187-2x, which serves, among others, to digitize the ana- 
logue luminance and chrominance signals (brightness and colour, respectively). 
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Fig. 5. Timing diagram for the various analogue and digital signals. 


63. If necessary, this signal may be de- 
layed to compensate propagation delay 
differences in the decoder that pre- 
cedes the ADC. The levels of pins YDO, 
YD1 and YD2 here set a delay of 
296 ns, which corresponds to four pe- 
riods of the LL3 clock. 

The SDA9187-2X has a PLL-based 
horizontal synchronization section 
consisting of a horizontal timer, a 
phase comparator and a VCO. The 
VCO generates a clock of 13.5 MHz 
which is phase locked to the video 
inpul signal. This clock is fed to the 
PIP IC (line-locked PIP system clock, 
LL3) as well as to the ADC, the delay 
line and the colour difference multi- 
plexer. The horizonal scaler divides the 
LL3 signal by 864, and applies it to the 
phase comparator as a ‘horizontal’ ref- 
erence. The external horizontal sync 
signal is derived from the sandcastle 


pulse with the aid of a level detector, 
and is blended in with the LLS signal 
as regards the pulse width (345 LL3 
periods). The frequency and phase 
sensitive digital phase comparator pro- 
duces up/down current pulses which 
are turned into the VCO control volt- 
age by smoothing in an RC network. 
The horizonal timer also determines 
the start and the width of the clamp 
pulses, as well as the position of the 
blanking pulses, BLN, which, in turn, 
determine the length of the brightness 
information. The BLN signal has to be 
given the same delay as the Y signal. 
When the blanking signal is high, the 
parent picture is synchronously re- 
placed by the inset picture. 

If desired, the colour difference sig- 
nals may be inverted by using the 
CNEG input. This results in an in- 
verted inset picture. This feature, al- 


though interesting, is not used here. 

The digitized colour difference sig- 
nals U and V (each having values be- 
tween -32 and +31) arrive at a 
multiplexer which captures each 
fourth U and V sample, and copies it in 
half byte (nibble) format to outputs 
UVO through UVS. 

Figure 5 shows the complex rela- 
tions between the information repre- 
senting chrominance, luminance and 
horizontal/vertical synchronization at 
the inputs and outputs. 

The components that make up the 
video signal of the inset source are ap- 
plied to the PIP processor in digitized 
form. The resolution of the digitized 
input signals is six bits at a sampling 
rate of 13.5 MHz (luminance) or 
3.375 MHz (chrominance). The proces- 
sor combines the (till then non-syn- 
chronized) picture sources in such a 
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Fig. 6. Architecture of the heart of the PIP processor, the SDA9188-3X from Siemens. 


way that a size-reduced inset is dis- 
played in a corner of the ‘normal’ pic- 
ture, Apart from the picture size 
reduction (based on compression 
using horizontally and vertically oper- 
aling filters), the SDA9188-3X also 
stores the inset in an integrated pic- 
ture memory with a total size of 
89x212x9=169,812 bits. It also takes 
care of oulpulting this picture again at 
yath or Visth of the original size. 

The colour of the frame around the 
inset picture is programmable. The 
same goes for the position of the inset 
on the screen. 

The output signals of the SDA9188- 
3X are available as analogue RGB or 
chrominance/luminance signals [(Y, 
-(B-Y), -(R-Y)]. The digital-to-analogue 
conversion is wideband for all compo- 
nents, and has a resolution of six bits. 

The SDA9188-3X is capable of pro- 
cessing two picture formats: 
50 Hz/625 lines and 60 Hz/525 lines. 
The ability of the chip lo use 100-Hz 
scanning (or 120 Hz) allows it to be 
used in systems for standards conver- 
sion. A frame frequency of 50 Hz (or 
60 Hz) may also be used, with auto- 
matic adjustment of the number of 
lines. 

Problems may occur if the parent and 
inset pictures have different raster fre- 
quencies. With an unfavourable and un- 
stable phase position of the syne signal 
and the parent clock, the inset picture 
may ‘jump’ by one line or one pixel, re- 
sulting in instability. Likewise, poor sync 
signals in the inset channel may cause 
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instability too, though less serious. 

The inset picture is synchronized to 
the parent picture with the aid of the 
horizontal and vertical syne signals 
SAND and VSP. The clock speed of 
LLSP equals 13.5 MHz, or 27 MHz 
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when the system is used with 100-Hz 
scan (LL1.5P). These frequencies need 
to be generated by an internal PLL, be- 
cause an external clock, LL3P, would 
only be usable in an all-digital envi- 
ronment (of the parent source). The 
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Fig. 7. Principle of 9-to-1 or 16-to-1 pixel compression technique. 


AUDIO/VIDEO 


TV standard 
(lines/raster) | 


Picture size | 


625 
625 


1/9 
1/16 


| No. of pixels 


No. of lines 


212 
160 


Table 1. Organization of the inset picture memory. 


Start Ack Ack 


| 
$ 0010 1110 A 0000 XXXX A 


Chip address Register address 


Table 2. Format of the I2C commands sent to 


frequency of the internal clock signal 
is calculated as f7>=864xfsanp. 
Horizontal and vertical syne signals 
BLNI and VSI, as well as LL3I also 
serve to keep the inset picture syn- 
chronized to the parent picture. The 
interface between the inset and the 
parent picture is formed by an inte- 
grated picture memory, in which data 
is clocked in at the rate of the inset, 
and clocked out at the rate of the par- 
ent. Output signal SELECT (output 
signals of SDA9188-3x valid) controls 
an electronic switch in the TV set 
which frames the size-reduced inset 
into the parent picture. 

Of particular interest in the block 
diagram (Fig. 6) is the data reduction 
of the inset picture. The data rate at 
the inputs YS4 through YS4 and UVSO 
through UVSS3 is 13.5 MHz. To reduce 
the amount of data to be stored, nine 
(PIP size th) or sixteen (PIP size sth) 
pixels are averaged horizontally and 
vertically, and then processed into a 
single pixel in the inset (Fig. 7). The 
number of pixels and lines that make 
up the inset picture depends on the TV 
standard of the inset source, and the 
piclure size. The size of the picture 
memory is, of course, based on the 
maximum number of pixels and lines 
as shown in Table 1. 

At the parent side of the IC, behind 
the picture memory, the data rate of 
the chrominance signal is quadrupled 
to match that of the luminance infor- 
mation. This is done to eliminate 
cross-colour elfecis after the D-A con- 
version, as well as to prepare for the 
digital RGB conversion. The rate-up 
conversion is achieved by linear (U-V) 
interpolation, A digital RGB matrix 
converts the Y, U and V levels read 
from the RAM into RGB data, which 
are then applied to three 6-bit D-A 
converters. Each of these DACs sends 


Ack 


| 
XXXX XXXX AP 


Data word Stop 


the SDA9188-3X PIP processor. 


a current through a pull-down resis- 
tor, Rg), Reo and Rea (OUTI=R, 
OUT2=G, OUT3=B). The output cur- 
rent may be changed by modifying the 


resistors, or by programming the 
processor. 

The output signals of the PIP 
processor then arrive at the 


TEA5114A, before they leave the cir- 
cuit via SCART connector Ky. The 
TEA5 114A only serves to amplify the 
RGB signals about 2 times, and to 
clamp them at about 2 V,,. The 
BLANKING signal switches the RGB 
outputs off when there is no inset pic- 
ture in the relevant picture lines. The 
BLANKING signal is connected 
through to the corresponding connec- 
tions on Kg via pins 9/10. 

The power supply of the PIP proces- 
sor is conventional, and based on fixed 
voltage +12 V and +5 V regulators. Rg3 
and Rg4 limit the dissipation of the 
7812 and 7805 to reasonable values. 
The ‘power’ LED on the front panel 
provides an on/off indication. 


12C bus and the 
microcontroller 


The PIP IC core obtains all configura- 
tion information via its I?C interface. 
The PIP processor itself is found at ad- 
dress 00101110 = 2Ey. When power is 
applied, an automatic reset is issued, 
and the SDA and SCL lines are freed. 
All bits in the ten registers, except bit 
PL27 (bit d3 in register 0) are then set 
to 0, while PL27 is set to 1. The 
SDA9188-3x is switched to ‘slave’ 
mode, and operates only when the 
inset clock, LLSI, is present. 

1?C commands and data sent to the 
SDA9188-3X have the general format 
shown in Table 2. All registers incre- 
ment automatically to the next one 
after a byte has been written. 


The vast number of options offered 
by the registers in the PIP core call for 
a microcontroller. The 87C51 is oper- 
ated in an ‘absolute minimum’ envi- 
ronment here. The power-up reset 
pulse for the complete processor hard- 
ware is furnished by R47-Csg. A 10- 
MHz quartz crysial, Xs, clocks the 
controller at 10 MHz. To prevent them 
from vanishing forever when the power 
is switched off, the register contents 
are copied into a 256-byte I?C compat- 
ible EEPROM, which is a non-volatile 
memory component. 

Register contents may be modified 
by using the RC5 compatible infrared 
remote control, or the three function 
keys on the PIP processor itself. 
Obviously the three presskeys have 
multiple functions to give access to all 
available options, Apart from generat- 
ing the necessary I?C commands for 
the PIP IC core, the 87C51 also unrav- 
els and translates the RC5 codes re- 
ecived from the infrared remote 
control, The infrared receiver is based 
on the SFH506-36 detector from 
Siemens, and is accommodated on a 
separate printed circuit board together 
with the three presskeys that form the 
‘local’ keyboard. This sub-board is 
connected to the main board vi a short 
length of flateable. LED Dj), lights 
when a valid (RC5 compatible) infra- 
red signal is received. The other ten 
LEDs (D, through Dj) indicate the 
status of the microcontroller in pro- 
gramming mode. (950078- 1) 


The programming, construction and set- 
ting up of the PIP processor will be dis- 
cussed in next month's second and 
final instalment. 
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Electronics Workbench v. 4.0 


T a time when practi- 

ally every electronics 
enthusiast has a PC at his 
or her disposal, it is not 
surprising to see more and 
more programs being in- 
troduced for the simula- 
tion of electronic circuits. 
A program called Elec- 
tronics Workbench from 
Toronto-based Interactive 
Image Technologies Ltd. 
uses a less conventional 
approach to ‘mimic’ the 
behaviour of electronic 
components and circuits. 
It virtually simulates a 
complete electronics labo- 
ratory on the PC screen, 
offering to the designer a 
wide range of components, 
as well as his trusty mea- 
surement instruments. 


Recent surveys indicate that 
the majority of our readers 
have a computer, usually, a 
PC. However, not all elec- 
tronics professionals and 
hobbyists use that wonder- 
ful computer as a tool for de- 
signing or testing circuits. 
That is surprising, because 
today’s PC has sufficient 
computing power for that 
application. The problem, it 
seems, lics with the existing 
electronics simulation pro- 
grams. Mosi of these are 
clearly aimed at the profes- 
sional user. and that usually 
means a high price and a 
complex program structure 
and ditto operation. 
Although the operation has 
been improved significantly 
over the past few years, most 
Spice-like programs are still 
far from easy to use, By the 
way, those of you interested 
in this type of program may 
like to know that both 
PSpice and MicroCap are 
available as student or eval- 
ualion versions at reduced 
prices. The performance of 
these student versions is 
usually limiled in respect of 
the number of nodes (com- 
ponent junctions) that may 
be used. Unfortunately, 
though the price is reduced, 
these programs are often 
slill too complex for the 
hobby user. 


Electronics Workbench 


i [CCEar 
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Note: screendump produced with y. 3 of the program. 


A different approach 

Electronics Workbench al- 
lows analogue and digital 
circuils to be simulated in a 
clear and educational way. 
The designers of the soft- 
ware have based the pro- 
gram on the measurement 
equipment an average elec- 
tronics hobbyist may rea- 
sonably be expected to have 
available in the workshop. 
All these (virtual) instru- 
ments may be connected toa 
circuit which has been con- 
structed (virtually, again) on 
the screen, Connecting and 
using the instruments is 
straightforward, and the 


whole operation looks as if 


one is actually measuring on 
a prololype circuit. 
The recently released ver- 


of 
Workbench has number of 
improvements over the pre- 


sion 4.0 Electronics 


vious version, 3.0. 
Fortunately, the people at 
Interactive Image Technol- 
ogies do seem to listen to the 
users, as well as read re- 
views on their products. The 
most important, and very 
welcome, change from the 
earlier version is the full in- 
tegration of the digital and 
analogue simulation. From 
now on, any circuit design 
may contain both analogue 
and digital sections, or a 
combination of these 
(mixed-mode’). The separate 
programs for evaluation of 
analogue and digital circuits 
have disappeared — instead, 
everything is now simulated 


in a single environment. 
Also, a large number of less 
conspicuous changes have 
been made to the program. 
For instance, the oscillo- 
scope has oblained a zoom 
function, and linear compo- 
nents such as the poten- 
tiometer, variable capacitor 
and variable self-inductance 
have been added. Also new 
is the support for hybrid 
components such as the A-D 
converter and its counter- 
part the D-A converter, the 
monostable = multivibrator 
and the widely known 555, 
With the digital components 
we were pleased to see that 
support is now available for 
full adders, 3-to-8 segment 
decoders, 8-to-3 priority de- 
coders, BCD-to-7-segment 
decoders and 1-of-8 mullti- 
plexers and demultiplexers. 

Professional users will be 
inicrested in obtaining the 
Electronics Workbench 
Engineer's Pack. This ver- 
sion of the program offers 
three extra functions: an 
extra set of 2,000 compo- 
nent models, exporting and 
importing to and from Spice, 
and exporting to PCB design 
programs. 

The basic version of Elec- 
tronics Workbench 4.0 now 
consists of schematic cap- 
ture, mixed-mode simula- 
tion and a library containing 
350 component models 
(Model Set 1). This will set 
you back £199 (excl. VAT 
and P&P). The Engineer's 
Pack with 2,000 models 
(Model Pack 1 through 5) 
and the above mentioned 
import and export options 
costs £399 (excl. VAT and 
P&P). 

Electronics Workbench is 
available in DOS or MS- 
Windows versions, as well as 
one for the Apple Macintosh. 

(EA-1464) 


For further information, 
contact Robinson Marshall 
(Europe) Pic, Nadella 
Building, Progress Close, 
Leofric Business — Park, 
Coventry, Warwickshire CV3 
2TF, England. Telephone: 
(01203) 233-216. Fax: 
(01203) 233-210. E-mail: 
rme@cilyscape.co.uk 
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ACTIVE ANTENNA SPLITTER 


A single-ic amplifier is described that makes it possible in a 
simple way to apply the Tv antenna signal to two or more TV 
receivers in the same household without any attenuation. 


Design by L. Lemmens 


fl Dyers are few households nowadays 
which possess only one TV re- 
ceiver. Unfortunately, normally there 
is only one antenna (or in some cases, 
cable) outlet. It is, of course, possible 
to connect two or more TV receivers in 
parallel to this single outlet, but this 
gives a serious signal deterioration. 
This is because the outlet should be 
terminated into a 75 @ load. The input 
of radio and TV receivers is, indeed, 


antenna 


75@ and the impedance of the coaxial 
cable connecting the two is also 75 Q 
(see Fig. 1). 


Mismatching 


When two receivers are connected in 
parallel, the resulting impedance is 
only 37.5 Q, and with three receivers, 
only 25 Q. This causes a severe mis- 
match with the antenna outlet, result- 
ing in little power being transferred to 
any of the receivers. 

It is no remedy to use, say, 50 2 


cable in the belief that this will reduce 
the impedance. In fact, it will attenu- 
ate the signal, probably also cause 
ghosting (signal reflections in the 
cable), and is susceptible to interfer- 
ence leaking into the cable. 

With radio reception, these effects 
are not nearly as bothersome as in TV 
reception, but distortion of the signal 
may still occur. 


Remedy 


If one of the impedances in a system is 
not 75 Q, an impedance transformer 
may be used between the antenna 
cable and the receiver. For instance, a 
300 2 dipole antenna, frequently used 
for the reception of FM radio stations 
in the 87.5-108 MHz band, is often 
supplied with a 300-75 Q transformer 
to enable the connection between an- 
tenna and receiver to be made in 75 Q 
cable (always assuming, of course, 
that the receiver has a 75 Q input). 


990020 +12 


Fig. 1. Antenna, connecting cable and receiver must all have 
the same characteristic impedance: here, 75 2. 


Fig. 2. This inexpensive splitter 
causes a serious mismatch, 


Fig. 3. These antenna splitters, for two, three and four receivers, do not cause mismatches. 
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Fig. 4. Circuit diagram of the active antenna splitter. 


Most modern FM receivers have a 
300 2 and a 75 Q antenna input. 

Apart from an impedance trans- 
former, the impedance at both ends of 
the 75 2 antenna cable can be put 
right by the use of a simple resistance 
network at the cable ends. The re- 
sistors used can be connected in se- 
ries or in parallel with the impedance 
they are to correct. The network is de- 
signed such that whatever is con- 
nected to il, a TV receiver, an antenna 
or a coaxial cable, is always correctly 
matched. 

The attenuation caused by the net- 
work, or by the division of the signal 
over several receivers, is remedied by 
the use of a wideband amplifier. This 
is done in the splitter discussed a 
little later. 

Figure 2 shows a network as often 
used in cheap (passive) splitters, This 
is not a good setup, however, for, al- 
though the antenna ‘sees’ an im- 
pedance of 75 &, the receivers do not. 
The antenna is connected to two par- 
alle]-connected branches, each having 
an impedance of 150 2 (75 of the 
resistor and 75 2 of the appliance), 
Each of the receivers, however, ‘sees’ a 
75 2 resistor in series with a parallel 
network. This network consists of the 
impedance of the antenna (75 Q) and 
one of a 75 @ resistor in series with 
the 75 @ input of the other receiver. 
The impedance of the network is thus 
(75 x 150)/(75 + 150) = 50 Q. It is in 
series with one of the 75 Q resistors, 
so that each receiver ‘sees’ an im- 
pedance of 75 + 50 = 125 2. Since the 
input of each of the receivers is 75 Q, 
there is a serious mismatch. 

Much better remedies are shown in 
Fig. 3. for, from left to right, two, 
three and four receivers from a single 
antenna or cable outlet sockel. The 
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impedances of the antenna or cable 
outlet and the receivers is represented 
by the 75 @ resistor connected to the 
plug or socket by a dashed line. As 
stated earlier, these resistors ensure 
correct matching and prevent ghost- 
ing, but they do cause some attenua- 
tion. 


Active antenna splitter 


The attenuation caused by the split- 
ters in Fig. 3 is nullified in Fig. 4, by 


ACTIVE ANTENNA SPLITTER 39] 


the addition of a single operational 
amplifier, IC}. Unfortunately, the out- 
put impedance of IC, is 50 Q, which 
means thai the resistance values of 
the splitters are different from those 
in Fig. 3. 

The antenna signal at the input 
socket is applied to pin 1 of IC, via C). 
The amplified signal at pin 3 of IC, is 
applied to splitter resistors Ry and Rg 
and then, via 75 Q cable, to the inputs 
of two (TV or radio) receivers, 

Power for IC; is supplied by a 12 V 
source via network R,-L, to pin 3 of 
the op amp. Pins 2 and 4 are the neg- 
ative or ground connections of the de- 
vice. The 12 V is derived from a 15 V 
mains adaptor via regulator IC9, which 
keeps the supply very stable, and thus 
free of interference. 

The supply rail is decoupled by Cy, 
which at the same time prevents the 
connection between R, and the output 
of ICg picking up or radiating the an- 
tenna signal. 

Capacitors Cy and Cs smother any 
tendency of ICyg to oscillate and at the 
same time short-circuit any spurious 
signals. 


Construction 


The circuit may be built on a piece of 
prototyping board or on a ready-made 
board Type 85000 [see p. 70) as 
shown in Fig. 5. The layout shown is 
not obligatory, but it is important to 
keep the input and output of the cir- 
cuit well separated. Ii is, of course, 


Fig. 5. Suggesied construction on a Type 85000 board. 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


Constructors start here 


@ The only mail order company totaily dedicated to 


Elektor Electronics projects. 


@ Prices in Nethertands Guilders (NLG). 

® Contents of kits strictly to Elektor parts jists, yes 
that's including the PCB and software item(s). 

@ Mini catalogue against one IRC. 

@ All components are new, from major 
manutacturers, and guaranteed to fit on Elektor 


printed circuit boards. 


@ No surcharge on credit card orders. 
@ The one-stop source for Elektor parts and kits. 
@ Trade/volume discounts on request. 


MatchBox BASIC computer 

Kit, incl. PCB. 87051, disk, full IOC and 
RS232 connector set and Quek 
Reference Card... cee 199.00 
P&P 12.50 
MAK232N z 
ST24C0281 sEEPROM 
1,0892MHe crystal .., 
ST24C0881 sEEPROM 
1.0592 MHz xtal ... 
PLO44 sacket 


Simple capacitance meter 
BATBS., ... canna: ash 
LOSSS...... 
TLG2?74GP 


excl, mains transforms ...................lax! 
P&P 35.00 (Eu). P&P 60.00 {non-Eu) 


Price without PCB and 8751: ............lax! 
Individual parts for this project available, 
hut qty. 14+ anly. Prices on request. 


Hi-Fi headphones amplifier 

TOAISO8T (SMOI ce ce ae oe 
Cinch socket POB maurtt,.. wate O 
Headphones skt POB type ..........4 #5 
7806. ca ie teisnnnieiscal ME 
Bopla E406 case in iain an WD OD 


1450 


Dongle sate 
Kit, incl, POB and GALS... 0.139 0D 
P&P 12,50 


BOT SS cine 
BO140......... 
GT200201.. 
GT20D101...... a 
23056-A0105-A101 relay. 
Ceramic washer AOS220...... 
354 bridge rectifier ............. 
5K85/75mm heatsink : 
PaP extra 


Copybit eliminator 11 
Kit, incl. PCB and MACH . 129.00 


P&P 10.00 


Fast NiCd battery ecateet 
BYW29-100 ....... 

BUZ1DA.... 

CA3160........., as inh 
UNI 3T ET Ri sccsosanssdininsaecs anova vara ane 
CA3140 


Simple AF signal generator 

500pF tuning capacitor... oo... 
MGTGASP,, se iss di sein tionian 
LTRS ssin.ait ectvers ercette 

PCA mount ratary switch 


Active mini subwoofer 
BOTS? {limited supply) ..............-....4.50 
BOTS8 [limted supply) woe 4.50 
¥29057-A5-ATO1 relay ....... 12.50 
SPP110/8 mini woofer cece AF 5D 
P&P 15.00 (Eu) 
SK71/75S4 heatsink.......0...............39.00 
P&P 12.50 (Eu) 
Ceramic washer AOS220. 195 
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MATCHBOX 
BASIC . 
COMPUTER » 


ee a a a ca il a in 


Function Generator 
Kit, incl, PCB, case. transformer, 
knabs and front panel fail.............495.00 
P&P 35.00 (Eu). P&P 60.00 (non-Euj 
MAXO3BGPP . 75.00 
OP2496P ...... 9.50 
AD7O8UN....... 19.50 
OPAGO3AP, eq woe 19.50 
WOM 7224 ooo cece tees eee wd 2.00 
ICM7207 ... veces 2100 
4.5 digit LCD (Vv #9 290 
5.24288 MHz crystal... oo BADD 
LC960 case........... . 37.60 
P&P 12. 50 (Evi, PEP 25, a0 it inan-Euj 


We have much more than can be listed here 
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B9C51 Flash programmer 


Kit. incl, PCB. EPROM, case.........265.00 

P&P 15.00 
oe 85 

BD438.. vee VO 

BOC4SICCAGB.. 7 39.50 

68-way PLOC socket 2p Savoesi oerusted! 

MAX232N 

LM317L.. : 

40-pin zr socket . che 

Quartz crystal 14.7456MHz 

Quartz crystal 4,392MHz.. 


BATE, 


CATALOGUE AGAINST ONE IRC 


VGA distribution nicl 
LT1227 .. 


C-1 Electronics P.0. Box 22089 NL-6360-AB Nuth 
The Netherlands Fax*: (+31) 45 6241877 


* Faxed enquirles may be answered by mall. Please always fax your complete address, 
Enclose one IRC with all correspondence. Prices are in Netherlands guilders (NLG), 
subject to change without prior notice, exclusive of 17.5% VAT and P&P, £. & 0.E. 
Private customers in FEC countries add BTW (sales tax) at 17.5%, then P&P, 

P&P components: NLG 12.50 (outside Europe): NLG 8.50 (Europe). P&P kits: as 
stated in advert or catalogue. Extensive ordering info supplied with catalague, 


VISA - MASTER - ACCESS - EUROCARD orders weicome 


4-p 3-w rotary suiten.. 7 1h 48 . 
DM, type PMH138.0 cc ce cs oe 
Case Dona KGSD oo. ee oe 


49.50 
FOLS02 sanmac.s z 0.90 
KHPC-0-071 PC card branket 4.75 
15-way sub-D PCB mount vee 50 


HEXFET power amp dase 
2,2uF SOV MKT, 
TPF G3V MKT once 1.45 
SSO pF polystyrene... cece 2 
10.000)F 50¥ radial 39.50 
BCS5S06...., . D.60 
' BCSEOC 0.60 
BOBS ct, avidin diearstadraccnansenn LOL 
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Active antenna splitter 


MAR or eq Electronic sandglass 


Kit, incl. PCB and 


PIP processor microcontroller 


Kil, incl. 87051. PCB, case, 119,00 


"P&P 12.50 


Parts list 


also possible to make the cable con- ICy = 7812 
nections via plugs and chassis sockets Resistors: 
instead of solder joints. Ry, = 560 Q Miscellaneous: 


Choke L; consists of 15 turns [(in- 
ternal dia. about 4 or 5 mm) enam- 


Rg, Rg = 39 2 75 Q coaxial plugs, sockets and cable 


as required. 


elled copper wire (0.2 mm thick). Capacitors: Prototyping board Order No. 85000 
C;, Co = 1 nF [936028] 
Use Cz = 1-10 nF 


Cas Cr = 100 nF 
The splitter works best when it is con- 
nected directly to the antenna or cable Inductors: 
outlet. If the signal is too strong (evi- Ly = see text 
denced by multiple images on one or 
more channels), reduce the gain of IC, 
by giving C; a smaller value or by in- 
serting a low-value resistor in series 
with the input. 

The resistor network at the output 
of IC; works satisfactorily only if both 
outputs are terminated into 75 Q. If 
one output is not connected to a re- 
ceiver, it should be terminated into a 
79 @ resistor as shown in Fig. 6. This 
resistor can be soldered into a coaxial- 
cable plug as shown in Fig. 7. This 
arrangement makes it possible for a 
receiver to be connected now and 
then; when it is nol, the terminating 
plug is inserted into the socket. 


Integrated circuits: 
IC; = MAR6 


Fig. 6. Diagram of a 75 Q 
terminating plug. 


Fig. 7. How a 75 © terminating plug 
can be constructed. 
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Great Sound 
is a work of art! 


If you want to create your own great 
sounding works of art, 
Speaker Builder can show you how! 


The publishers of Speaker Builder invite you to use your electronics know- 


how to explore the world of better sound. To subscribe, simply return this 
form with your payment or FAX your credit card order and receive 8 issues 
of Speaker Builder for a low introductory rate of $45. That's a $5 savings off 
the regular subscription rate, Or, double your savings and subscribe for 16 
issues (2 years) at $80 (that's $10 off), 


Q) $45, 8 issues (1 year) 
Remit in US $ drawn on a US bank only 


peanbor dureys on 
qmyoueyye sed aN 


CE LABELLING 


Based on an article by R. Rastetter 


lectromagnelic compatibility, EMC, 

is the property of an electrical/ 
electronic apparatus to function satis- 
factorily without radiating unaccepl- 
able interference into its electromag- 
netic environment. At the same lime, 
it should be immune to interference 
from other electronic/electrical appa- 
ratus. 

The member states of of the Euro- 
pean Union (Eu) have differing re- 
quirements as regards products that 
are sold and imported. This means 
that a product made according to the 
laws and regulations of one country 
can not be sold in other member 
states. However, one of the goals of the 
1957 Treaty of Rome is the free move- 
ment of goods and services with the 
Union. 


To this end, the European Commis- 
sion issued a directive on EMC some 
years ago, which combines the re- 
quirements agreed by the member 
states as regards Public Health, Con- 
sumer Proiection, Safety and the Envi- 
ronment. To indicate that a product 
complies with the stringent require- 
ments of the directive, it must carry 
the CE (Conformité Européenne) label. 
This certification is, however, not in- 
tended as proof of quality to the con- 
sumer, merely as an indication that it 
complies with the requirements of the 
directive. 

The EMC Directive (89/336/EEC) re- 
quires all electronic/electrical equip- 
ment that can cause interference or be 
affected by interference to comply with 
its guide lines. From | January 1996, 


$80, 16 issues (2 years) Q) 


Speaker Builder 


PO Box 494 Dept. EUKS, Peterborough, NH 03458-0494 USA 
Phone: (603) 924-9464 or Fax your order 24 hours a day to (603) 924-9467 


Rates subject to change without notice. 


all manufacturers must be able to 
show that their equipment complies 
with these guide lines. At the same 
time, all relevant electrical/electronic 
equipment may, from 1 January 1996, 
be marketed in the EU only if they are 
cE-certified (and also comply with any 
other relevant directives, of course). 

When il is considered how much 
electrical/electronic equipment is in 
use in the EU (electrical tools, comput- 
ers, lighting), it will be realised how 
much the directive will mean for inter- 
ference-free use of such equipment in 
years to come. 

As summarized in the drawing 
below, basic components, such as 
transistors, resistors, integrated cir- 
cuits, connectors, and so on, are not 
subjeci to the directive and do not 
need CE labelling. However, composite 
components, such as thermostats. 
magnetic switches, or relays, do need 
a CE label if they are marketed through 
the retail trade. If these components 
are sold to OEM, they do not need a CE 
label. In general, according to the EMC 
directive, ‘a component that has no 
intrinsic value to an end user’ needs 
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Pep nec 


CELABELLING EZ 


no CE certification. 

An electronic/electrical equipment 
comes into being by the assembly of 
modules, which in turn consist of 
basic and composite parts and compo- 
nents. Modules include, for instance, 
populated  printed-circuit boards, 
monitors, computer cards, electrical 
household goods, and others, Whether 
such a module is encased or not does 
not matter in this context. 

According to the guide lines, in the 
repair of a CE labelled equipment, CE 
labelled replacement parts or modules 
must be used. This ensures that the 
original EMC standards are main- 
tained. 

It is not entirely clear whether the 
directive has an effect on the amateur 
electronic constructor who builds an 


equipment on the basis of a magazine 
article. It is, however, certain that the 
user of equipment, even home-built, 
which interferes in whatever way with 
equipment of third parties is liable 
bylaw. Note also that kits of parts and 
components for DIY construction do 
need CE certification. 

This magazine can not test the pro- 
totypes of all construction projects to 
the full EMC standard, and, therefore, 
we can not guarantee that any equip- 
ment built on the basis of an article 
does meet the standard. 

From our January 1996 isse, we 
will regularly publish information to 
guide constructors how to build an 
equipment in accordance with the EMC 
standard. 

At the same time, in the design we 


will take account of the EMC standard 
as much as is practicable. If necess- 
ary, an article will be accompanied by 
guidance on how ensure that a home- 
built equipment does at least comply 
with the EMC standard as far as inter- 
fering radiation is concerned. 

There is as yet no clarification on 
the position of radio amateurs and 
their (often home-built) equipment in 
respect of EMC. No doubt, this will be 
forthcoming in the near future. 
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CORRECTION 


Application note 
8-bit non-volatile digital-to-ana- 
logue converters (DACs) 
(September 1995) 


Figure 3d on p. 24 is incorrect; the 
correct one is illustrated here. We 
apologize for any inconvenience 
caused. 
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THE DIGITAL SOLUTION 


Part 10 (final) — Back to the real world 


A ll the articles of this se- 

ies have demonstrated 
that there is generally an ad- 
vantage to be gained by 
storing, transmitting and 
processing data in digital 
form. Maybe there are disad- 
vantages, too, and analogue 
data may sometimes be more 
easily handled, but the over- 
all preference is for digital 
representation, This prefer- 
ence endures for as long as 
data is being handled by 
electronic devices. But ulti- 
mately, the data has to be 
presented to a human for as- 
sessment, as information, or 
even simply for entertain- 
ment. and humans operate 
in an essentially analogue 
manner. Maybe we can cope 
if the decimal number 12 is 
presented to us in binary 
form as 1110, but few would 
recognize that the number 
1111100 1011 represents 
the year 1995. Fewer still 
would recognize a certain se- 
quence of bytes as one of the 
themes from Beethoven's 
Ninth Symphony. Before it 
can have much meaning to 
humans. digital data nearly 
always needs to be converted 
back to analogue form. In 
this final part of the series, 
we consider some of the 
many techniques of digital-to- 
analogue conversion . 


Weighted resistors 


One of the simplest DACs 
makes use of the summing 
abilities of an operational 
amplifier. In Fig. 78, the in- 
verting input of the amplifier 
receives current from a num- 
ber of sources through separ- 
ate resistors. Assuming that 
this is an 8-bit converter, the 
digital value to be converted 
is applied to the eight inputs, 
Dp-D;. The input is a logic 
level, either 0 V (equivalent to 
logic 0), or 5 V (equivalent to 
logic 1). The resistors are 
weighted, so that each one has 
a value half that of the one 
preceding it in the sequence. 
Correspondingly, the current 
flowing through each resistor 


By Owen Bishop 


In this series we look closely at digital electronics, 
what it is, what it does, how it works, and its 
promise for the future. 


Fig. 78 


Fig. 80 


when 5 V is applied to it is 
double that flowing through 
the preceding resistor. Thus, 
the currents are in proportion 
to the values of successive dig- 
its in a binary number. For 
example, the current flowing 


to the amplifier from Dg is 
5/1280000 = 3.90625 pA. If 
5 V is applied to Dj, the cur- 
rent is 5/640000 = 7.8125 pA, 
exactly double (2! times). At 
the other extreme, the current 
flowing from D; is 5/10000 


=50pA, which is 128 (27 
times) the current through Dg. 

In Fig. 78, the digital 
input is shown to be fed di- 
rectly to the resistors. This is 
a workable circuit, but relies 
on the individual bits of the 
digital inputs all having pre- 
cisely the same voltage levels 
for ‘0’ and ‘1’. It is more usual 
for the digital input to be fed 
to an array of analogue 
switches, each connected as in 
Fig. 79. If the input bit is ‘0’, 
the switch connects the re- 
sistor to 0 V. If the bit is ‘1’, 
the switch connects the re- 
sistor to an accurate reference 
voltage, Vyo;, which is used for 
all resistors. 

This converter relies on the 
‘virtual earth’ property of the 
inverting input of the op amp. 
Current flows to the inverting 
input as if this is at ground 
(0 V) potential. If two or more 
inputs are at 5 V, the current 
flowing through one resistor is 
independent of the current 
flowing through the others. As 
a result, the current reaching 
the inverting input is the sum 
of the individual currents. 
When two or more inputs re- 
ceive a logic 1 input, the cur- 
rents are summed, just as the 
value of a binary number 
equal to the sum of the values 
of the ‘1’ digits it contains. 
Suppose both Dy and D; are at 
5 V. The sum of the currents 
is 11.71875 vA, which corre- 
sponds to the the binary value 
11 (decimal 3) and is three 
times the current flowing 
when Dy alone is supplied. If 
all eight inputs are high, the 
total current is 1111 1111 (255 
decimal) times the Dg current, 
or approximately 996 pA. The 
inputs of an op amp have ex- 
tremely high impedance, so 
all the current flows on 
through the 1 kQ resistor, cre- 
ating a p.d. of 1 V across it. 
The output voltage swings 
negative of the inverting input 
by 0.996 V. As the binary 


input ranges from 0 to 
1111 1111, the analogue out- 
put ranges from OV _ to 
—0.996 V. 


The output is now on an 
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analogue scale and can, if de- 
sired, be fed to a voltmeter 
calibrated from 0 to 255 to 
give a direct reading. More 
often it might be used to pro- 
vide an analogue input to a 
device such as a motor, con- 
trolling its speed, or to a loud- 
speaker, determining the posi- 
tion of the cone. The output is 
said to be analogue, but this is 
not quite true. An analogue 
output could take any value in 
the range 0—0.996 V, but the 
output of this circuit is one of 
256 steps, spaced 3.90625 mV 
apart. The resolution of the 
converter is 3.90625 mV. How- 


ever, in many applications, 
the output is fed to a low-pass 
filter and, if the output is con- 
tinually changing, the filter 
smoothes out the steps, pro- 
ducing an effectively analogue 
output. 

This type of DAC is simple 
in principle and produces 
rapid conversions. Another 
version has the weighted re- 
sistors in the feedback posi- 
tion. These can be switched in 
or out of circuit by analogue 
switches controlled by the 
digital input. The input to the 
op amp is at a fixed level, but 
the gain, and hence the out- 
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put voltage, can be set to 256 
different levels. In either ver- 
sion, the chief disadvantage is 
that the values of all the 
larger resistors must be very 
precise. For example, if the 
10 kQ is precise to within 10% 
(+1 kQ), ald resistors must be 
precise to within +1 kQ. This 
means that the 1280 kQ re- 
sistor must be precise to 
within 0.078%. A converter of 
more than 8-bit precision is 
not really a practical proposi- 
tion. 

A digital-to-analogue con- 
verter of this type in which 
the output is the product of 
the digital input and a refer- 
ence voltage source is often 
known as a multiplying DAC. 


Switched current- 
source DAC 


This type of converter also 
uses the current-summing 
property of an op amp, but the 
circuit for producing the cur- 
rents is entirely different from 
the weighted resistors used in 
the previous converter. In 
Fig. 80, the current sources 
are provided by what is 
known as an R-2R ladder, be- 
cause it consists of resistors of 
only two values, R and 2R. 
Current flows from the volt- 
age reference along the chain 
of R resistors (except the one 
at the end, which is 2R} and 
across the 2R resistors, which 
form the rungs of the ladder. 
The current flows through 
switches controlled by the 
digital input and then goes 
either to ground (if the switch 
is in position 0} or to the in- 
verting input of the op amp (if 


the switch is in position 1). In 
either case, the current flows 
to a line at zero potential. Ifa 
switch is at position 0 (corre- 
sponding to a ‘0’ in the data 
byte), the current is lost to 
ground. If a switch is at 1, the 
current flows to the op amp 
and is summed with other 
currents from switches at po- 
sition 1. This is another type 
of multiplying DAC. 

In Fig. 81 we build up an 
R-2R ladder in stages, to see 
what potentials are present at 
its rungs. In the network of 
Fig. 8la, the potential at 
point A is Vay. The two R re- 
sistors divide the potential 
exactly in half, so the poten- 
tial at point B is Vppp/2. In 
Fig. 80b, the single R resistor 
on the right of Fig. 80a has 
been replaced by two 2R re- 
sistors in parallel, both of 
which are connected to 0 V. 
Two 2R resistors in parallel 
are exactly equivalent to a 
single R resistor, so the poten- 
tial at point B remains at 
Verp/2. In Fig. 80c, the 2R re- 
sistor at the right of fig. 80b is 
replaced by its equivalent, two 
R resistors in series. They di- 
vide the potential at B exactly 
in half, so the potential at 
point C is Vpy,p/4. In Fig. 80d, 
the R resistor at the right of 
Fig, 80c is replaced by two 2R 
resistors in parallel, and the 
potential at C remains at 
Varp’4. This process can be re- 
peated indefinitely, producing 
more and more 2R rungs, the 
chain of R resistors always 
ending in a 2R resistor tied to 
0 V. At each rung, the poten- 
tial is exactly half that of the 
rung above it. Since the 2R re- 
sistors are connected to 0 V 
whatever the position of the 
switches, the switch positions 
have no effect on the poten- 
tial. When a switch is set to 
position 1, a corresponding 
current flows to the op amp. 
This current is  Vppp/2R, 
Varr/4R, Ver’ 8R, and so on 
along the ladder to Vpy,/256R 
at the last rung of an 8-bit 
chain. It is feasible to con- 
tinue the ladder to give 12-bit 
or 16-bit resolution. Whatever 
the length of the ladder, the 
op amp sums the current flow- 
ing through the 1 switches, 
producing an output ranging 
from OV to —Vppp/R as the 
input (in an 8-bit converter) 
ranges from 0 to 1111 1111. 

This is one of the most pop- 
ular types of converter, It is 
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easy to produce in integrated 
circuit form, mainly because it 
requires on-chip resistors of 
only two values. More signifi- 
cant is the fact that it is not 


| 


the absolute values of the re- | 


sistors that matter, only their 
relative values. This is easy to 
achieve, allowing high preci- 
sion at low cost. 


Switched capacitor 
DAC 


One of the newer forms of DAC 
relies on switched weighted 
capacitors. Instead of using a 
chain of resistors connected in 
series as a potential divider, 
these DACs use a ladder of ca- 
pacitors connected in parallel. 
The principle of the technique 
is illustrated in Fig. 82, 
which for simplicity is ahown 
as a 4-bil DAC. The analogue 
switches are controlled by two 
clocks, which in turn produce 
high pulses. When clock 1 
goes high, all switches are 
connected to the 0 V line, so 
all capacitors are discharged. 
Next, clock 2 goes high and 
this operates in conjunction 
with the digital input so that 
only those switches corre- 
sponding to a ‘lI’ input bit are 
connected to the Vypp line. The 
switches corresponding to a 
digital ‘0’ remain connected to 
the 0 V line. However, this 
does not mean that they re- 
main uncharged. To see what 
happens, suppose that the 
digital input is 0110. Switches 
Dp and Ds remain switched to 
the 0 V line, while D; and Dy 
become switched to the Vprp 
line. It makes the situation 
easier to understand if the cir- 
cuit is redrawn as in Fig. 83. 
The two capacitors on the left 
are those switched to Vpgp. 
The three capacitors at the 
right are those switched to the 
0 V line, and include the non- 
switchable C/8 capacitor at 
the end of the ladder. 

The two groups of capaci- 
tors in Fig. 83 are capacitors 
in parallel, so they can be 
thought of as being replaced 
by a single capacitor for each 
group. Since they are in paral- 
lel, their equivalent values are 
found by adding their capaci- 
tances. Figure 84 shows the 
equivalent circuit as a capaci- 
tive potential divider. It can 
be shown that when two ca- 
pacitors Cy and Cy form a po- 
tential divider (Fig. 84), the 
output Voy is 


SUMMER 
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{n bits) 
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Vocr = VrerxCp/(Ca+Cp). 


Given that 
C, = 3C/4 and Cy = 5C/4, 


Vv; LT = Vorrxl 38C/4 Hii [38C/4 l+] 5C/4 ] i] 
= VierX813+5) 
= Veerx3/8. 


The input is 0110 (decimal 6) 
and the output is 3/8 of Vepp. 
The relationship between 
input and output becomes 
clearer if we express the out- 
put in sixteenths, since there 
are sixteen possible switching 
combinations with four capac- 
itors. Then, the output is writ- 
ten as 6/16. If the binary 
input is n, the output is n/16 
of Vazp- This can be confirmed 


by working out the effects of 


other binary inputs. Note that 
since this DAC has no op amp, 
the maximum output is Vpgp. 


Using fewer bits 


We have mentioned the prob- 
lem of obtaining the required 
degree of precision in the most 
significant bits. An entirely 
different approach is to rely 


ea fr 


TO ANALOGUE 
‘CIRQUIT 


Fig. 


on fewer bits but to take sam- 
ples more frequently. Taking 
samples more frequently than 
is required to represent the 
analogue data accurately is 
known as oversampling. For 
example, digital audio re- 
quires sampling at a little 
over 40 kHz (usually 44.1 kHz) 
in order to represent all fre- 
quencies in the audio range 
up to 20 kHz, the highest fre- 
quency that can be detected 
by the human ear. Sampling 
at a higher rate, such as 
88.2 kHz, is oversampling. It 
does not improve the repro- 


87 


duction of audible sound, 
though it has the advantage 
that it is easier to filter out 
the quantization noise which 
results from the fact that, as 
mentioned earlier, the output 
from a DAC is stepped, not 
continuous. The frequency of 
this noise extends around the 
sampling frequency, so is 
much easier to remove when 
the sampling frequency is 
higher, well separated from 
the audio frequencies. There 
are practical problems in 
taking advantage of oversam- 
pling when producing CDs, 
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but it is possible to effectively 
double the sampling rate on 
replay by interpolating a sam- 
ple between each of the 
recorded samples. The value 
of each interpolated sample is 
calculated as the mean of the 
two recorded samples on 
either side of it. Interpolation 
was widely used in earlier 
digital audio systems, but is 
now largely replaced by sys- 
tems that rely on fewer bits. 

Figure 85 is a block dia- 
gram of a circuit that reduces 
the number of bits in the sam- 
ples by 2. The digital input 
consists of samples, each of 7 
bits, taken at the sampling 
rate f (say, 44.1 kHz). The 
sample is fed to an integrator, 
which digitally adds the sam- 
ple to the value already there. 
The sum is then requantized, 
that is, the final two bits are 
removed from it. In effect, it is 
divided by 4 and the remain- 
der discarded. This becomes 
the output of the circuit. The 
output is also fed back and 
subtracted from the incoming 
signal to compensate for the 
loss of the remainder. The key 
to the action of the circuit is 
that it operates at four times 
the sampling frequency, so 
that each input sample is held 
for four cycles. Note that this 
process is entirely digital. The 
output from this circuit may 
then be fed to a DAC with two 
fewer bits, and hence greater 
precision than would other- 
wise be required. 

A similar principle may be 
used to build a 1-bit DAC as 
shown in Fig. 86. In this, the 
quantizer* has only two levels 
of output, ‘0’ and ‘1’, and is 
known as a 1-bit quantizer. If 
it receives a sample with a 
value up to but not including 
0.5 of the maximum value, its 
output is ‘0’. If the sample has 
a value of 0.5 or more of the 
maximum value, its output is 
‘l’. As before, the operation is 
repeated several times for 
each input sample. However, 
in this case, we do not feed 
back the output signal, but 
the difference between the 
output signal and the sample, 
so as to allow for the loss of 
information stored in the dis- 
carded bits. To see how this 
works and the nature of its 


* to quantize = to digitize = 
to convert an analogue sig- 
nal to a digital signal. 


output, follow the stages in 
converting a 4-bit digital 
value, reducing it to 1-bit out- 
put. Given that the 4-bit input 
has 1000 (decimal 8) as its 
maximum value, the quan- 
tizer gives an output ‘0’ for 
values 0000-0011 and an out- 
put ‘1’ for values 0100-1000. 
Because it drops three bits, 
the DAC cycles at 8 (=23) times 
the initial sampling frequency. 
What happens is shown in 
Table 8. 

At the first cycle, there is 
no existing feedback; the total 
is between 0100 and 1000, so 
the output is ‘1’. This ‘1’ is 
really a ‘I’ plus three follow- 
ing bits which have been dis- 
carded, so it is equivalent to 
1000. This is subtracted from 
the input+feedback value to 
give the feedback (—0011) for 
the second cycle. In the second 
cycle, the feedback is added to 
the input (which is held at the 
same value as before). The 
feedback value is negative so 
we show this as a subtraction, 
giving 0010. This is between 
0000 and 0011, so the output 
is ‘0’. Subtracting this (=0000) 
from 0010 leaves +0010, 
which becomes the feedback 
for the third cycle. This 
process is repeated until, at 
the end of eight cycles, the 
feedback is zero. The input 
has been completely converted 
into a series of Os and 1s with- 
out any remainder. 

In the above example, the 
input value is decimal 5, and 
the output has five ‘lV’ bits in 
it out of eight bits. Thus, the 
output is 5/8 of the possible 
maximum of 8. The reader 
might try this routine for 
other inputs to confirm that, 
for any input between 0000 
and 1000, the number of ‘1’s 
produced in eight cycles al- 
ways equals the value of the 
input. This procedure can be 
extended to any number of 
input bits and always the pro- 
portion of ‘1’ bits in the output 
equals the proportion of the 
input value to the maximum 
value. 

The output of a DAC such 
as this is a stream of ‘1’ bits 
(high logic level) interspersed 
with ‘0’ bits (low logic level) 
and is known as a bit stream. 
The bit stream is produced 
wholly by digital circuits, 
which means that there are 
no problems with precision, 
ageing of components, noise, 
or any of the other snags that 
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Input + feedback Output Feedback 
0101+0000=0101 1 0101-1000=-0011 
0101-001 1=0010 0 0010-0000=+0010 
0101+0010=0111 1 0111-—1000=-0001 
0101-0001=0100 1 0100-1000=-0 100 
0101-0100=0001 18) 000 1-0000=+0001 
0101+0001=0110 1 0110-1000=-0010 
0101-0010=0011 O 001 1-O0000=+0011 
0101+001 1=1000 1 1000-1000= 0000 
Table 8 
be 
beset analogue circuits. It Converted? 


might be objected that the sig- 
nal is still digital after it 
leaves the converter, but all 
that is now needed is a low- 
pass filter of simple design to 
convert the stream of bits (re- 
member, these are coming at a 
very high rate) into an ana- 
logue signal. No further con- 
version, as such, is needed. 
Assuming, for the sake of sim- 
plifying the explanation that 
we use the simplest possible 
kind of low-pass filter—see 
Fig. 87, each ‘1’ pulse places a 
unit charge on the capacitor. 
A continuous series of ‘l’s 
rapidly charges the capacitor 
to the maximum voltage and 
the output signal reaches this 
level. With a continuous series 
of ‘0’s, no charge is supplied to 
the capacitor and the output 
rapidly falls to zero. In the in- 
termediate situations in 
which between one and seven 
pulses are produced for each 
sample, the capacitor is 
charged to a greater or lesser 
degree and an intermediate 
output voltage is generated 
accordingly. 

Bit stream technology is 
one of the newer develop- 
ments of digital electronics 
and has special applications 
in audio electronics such as in 
CD players. It has its limita- 
tions, the primary one being 
that to convert a 16-bit sam- 
ple requires a bit stream DAC 
cycling at about 3 GHz. This 
is not easy to achieve in the 
present state of circuit fabri- 
cation, so hybrid techniques 
are used, such as reducing the 
number of bits by using cir- 
cuits such as that in Fig. 85 
and completing the process 
with conventional DACs, or 
combining bit stream tech- 
niques with interpolation. 


In this series we have de- 
scribed and explained many 
aspects of digital electronics 
and we have attempted to 
show that digital techniques 
have many benefits. Analogue 
techniques have a lot to offer 
and may be preferable in 
many situations but, on the 
whole, the author believes 
that ultimately the practition- 
ers of electronics, professional 
and amateur, will be drawn 
increasingly toward The Digi- 
tal Solution. 
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FOCUS ON: MEASURING WITH THE 


PC 


AN INSERTION CARD FOR EVERY TYPE OF 


MEASUREMENT 


More than twenty years ago, IBM designed a computer system 
for small office applications. No one at that time could have 
foreseen the revolution the PC (personal computer) would 
bring about. This article describes how the today’s computer 
can be put to use in the measurement of electrical quantities, 
an application which is totally different from that for which the 


PC was originally developed. 


By our editorial staff 


OR many applications, the times are 

gone when measuring just about any 
electrical quantity called for moving coil 
instruments. In an increasing number of 
cases, it is found that a digital instru- 
ment is the most practical and accurate 
solution to analyzing a wide range of 
quantities. The use of a computer is the 
next logical step if the measurement re- 
sults are to be processed numerically, if 
any kind of calculation is required, or if 
the results are to be included in a docu- 
ment. Before that can be done, however, 
the information has to be measured and 
read into the computer’s memory. That 
can only be done with the aid of special 
interfaces. So, what types of insertion 


Photograph courtesy Advantech, 


card and interfaces are available for this 
purpose, and what functions do they 
offer? 


Function of the PC 


Traditionally, there are two ways of in- 
corporating a PC into a measurement 
set-up. The oldest is an arrangement by 
which the computer issues commands, 
via a special bus, to ‘intelligent’ measur- 
ing instruments. The most popular bus 
for this type of setup is the GPIB 
(General Purpose Interface Bus), defined 
in IKEE488.2. Designed by Hewlett 
Packard, this bus was originally intro- 
duced as the HP-IB (Hewlett Packard 


Interface Bus) as long ago as 1965. 
Applications of the HP-IB remain limited 
to driving (controlling) a complete instru- 
ment. So, a computer having such a bus 
is not capable of performing measure- 
ments itself. 

A single GPIB interface allows up to 
15 instruments to be controlled. The pop- 
ularity of the GPIB is proven by the fact 
that there exist more than 3,000 test in- 
struments having this type of interface, 
including oscilloscopes, power supplies, 
spectrum analysers, scanners and multi- 
meters. That makes the GPIB the inter- 
face with the widest support in the field 
of electronic test and measurement 
equipment. Interface cards that add a 
GPIB interface to a PC are available in 
many different versions, even including 
compact PCMIA cards. GPIB converters 
are also available for connection to the 
RS232 or Centronics printer port. These 
converters allow even ordinary laptop 
PCs, which do not have room for inser- 
tion cards or PCMIA add-ons, to be up- 
graded with GPIB control, and used in 
an intelligent measurement setup. 

GPIB extenders are available as op- 
tions to enable the interface to cover dis- 
tances between 20 m and 1 km without 
problems. Using this approach, the high- 
est possible transmission rate is about 
2 MByte per second. 

These days, there are a number of pro- 
grams which enable instruments to be 
controlled, via the GPIB bus, from Visual 


BASIC, Visual C++, or any other 
Windows-based software development 
environment. 


What can I measure, and 
how? 


Among the advantages of using a PC asa 
measurement instrument are its reliabil- 
ity and accuracy. Computer-controlled 
measurements allow the time of the mea- 
surement and the interval between two 
measurements to be set with great accu- 
racy. Moreover, measurements can he 
made around the clock, 24 hours a day, 
seven days a week. This ability plays an 
important role with measurements that 
are necessary to investigate the trend of 
a process over a relatively long period of 
time, or with measurements which are 
performed in difficult to reach locations. 
Another important advantage of using a 
PC for measurements is that all mea- 
surement results are available in digital 
form. Consequently, these data are eas- 
ily ‘put on file’, or archived. Another pos- 
sibility is to send data to a central 
location for analysis, via a network or 
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modem line. Moreover, measurement 
data collected by a PC-based instrument 
may be converted (if necessary), and 
used in existing programs such as data- 
bases, spreadsheets and word processors. 
Specialized software is available to per- 
form complex operations on the data, 
such as FFT analyses. 

The interfaces currently available 
may be divided into two groups: cards for 
analogue signals, and cards for digital 
signals. In many cases, a combination of 
these is also available. 

Measurements on digital signals (TTL 
or CMOS) are often supported by addi- 
tional counters, dividers and timers 
which are implemented on the card. A 
deep analysis of the operation of a com- 
plex logic circuit, for instance, a micro- 
controller system, is only possible with 
purpose-designed hardware. Most ‘ordi- 
nary’ measurement cards have only a 
limited application area such as counting 
pulses (for example, the number of times 
a valve closes), detecting logic levels {es- 
tablishing the position of a valve), or 
measuring frequencies (running speed of 
an engine}. 

Processing analogue signals is a dif- 
ferent kettle of fish. Because most mea- 
surement cards accept input voltages, 
special transducers have to be used to 
convert a quantity to be measured (for 
instance, temperature) into a_corre- 
sponding voltage. Other quantities that 
may have to be measured include gas or 
liquid flow, pressure, acidity, electrical 
current, strain and force. 

After the quantitics have been con- 
verted to electrical voltage levels, these 
are translated into digital codes by an 
analogue-to-digital converter. The width 
of the code is usually between 8 and 
16 bits. Smart algorithms are capable of 
filtering these signals, and eliminate 
small irregularities. Next, the values of 
these ‘cleaned’ signals are read by the 
system. Depending on the software used, 
the system may actually be measuring 
amplitude, frequency, effective level, dis- 
tortion or a whole frequency spectrum. 

How the measured and pre-processed 
information is offered to the user de- 
pends on the applied software. 
Sometimes the presentation takes the 
form of a complete, simulated, oscillo- 
scope or spectrum analyser. In other 
cases, the presentation is limited to the 
measured value only, which is displayed 
in a small window on the screen. 


External and internal 
measurement systems 


In principle, there are two ways of con- 
necting measurement circuits to a PC, 
Either an internal expansion slot is used, 
or one of the standard interfaces on the 
PC, i.e. R5232 (serial) or Centronics (par- 
allel). Insertion cards can reasonably be 
expected to offer the best performance as 
far as speed is concerned. On the other 
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Fig. 1. This compact interface card enables a PCMIA slot to be converted so that it can be 
used to control measurement instruments via the GPIB interface. 


hand, measurement systems which are 
connected to one of the standard ports 
are easy to connect, and may be moved 
between PCs. 

Any reasonably fast PC (we're not 
talking of XTs here} having a free ISA 
slot may be turned into a digital oscillo- 
scope. The type of interface to be pur- 
chased will depend mainly on the 
available budget and the desired perfor- 
mance. Rather than providing an 
overview of technical specs of all related 
products currently on the market, this 
article shows a number of options to indi- 
cate the various possibilities. 

An example of a relatively inexpen- 
sive external instrument is an intelligent 
multimeter having a serial interface. 
Thanks to this interface, the multimeter 
is able to copy its measured data to a 
computer. The latter does not really par- 


take in the actual measurement, but only 
receives the data in the form of a file. 
Keys on the instrument itself determine 
its settings, and the start of the measure- 
ment. This makes it clear that such a 
meter is not suitable when the computer 
is to record the complete measurement 
process. 


What can | buy? 


The product range offered by National 
Instruments clearly indicates that this 
company is committed to measuring and 
controlling with the aid of a computer. 
National Instruments supply interfaces 
and software for many computer systems 
and platforms, including PC, Apple 
Macintosh, SUN and NEC. 

An example of an advanced acquisi- 
tion system is the new AT-MIO-16E02 


Fig. 2. This card from National Instruments is a multi-functional data acquisition system. It is 
capable of processing analogue as well as digital signals. 
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Pico ADC Virtual Measurements 


Pico was one of the first companies to release hardware 
and software specifically designed for use as virtual 
instruments, and has remained a leader in the field of 
computer measurement with its comprehensive range of : 
products. 
Pico ADC units plug into either the computer's parallel or 
serial port, and require no expansion slots or power 
supplies. The use of these interfaces is becoming 
increasingly common for data acquisition equipment as it 
allows easy connection, and is currently the only method 
available that allows the same hardware to work on both 
desktop and laptop computers. 
The range includes units that are optimised for datalogging 
use such as the high-resolution (16-bit + sign) ADC-16, and 
the 22-channel ADC-22. Other units have been designed for 


use as virtual instruments such as the dual channel ADC- 
100 which is ideal for use as an oscilloscope. There are 
also specialised units such as the TC-08 for thermocouple 
measurement, and the SLA range of logic analysers, 


Two main software packages are supplied for use with the 


units: PicoScope Virtual Instrument software (for using 
-your PC as an oscilloscope, spectrum analyser or meter) 
and PicoLog data logging software. 

One of the most popular units is the ADC-100 which has 
been described as ‘a complete electronics lab in your PC’. 
With the supplied PicoScope software, you can use your 
PC to emulate the following instruments: 


») dual channel storage oscilloscope 
» XY mode oscilloscope 

» spectrum analyser (0 to 50 kHz) 

» voltmeter (ac/de or frequency) 

» frequency meter (0 to 30 kHz) 


The ADC-100 offers both a high sampling rate (100 kHz) 
and a high resolution of 12 bits. Nine input ranges, 
providing +50 mV to +20 V full-scale enable the unit to be 
directly connected to a wide range of signals. 

As well. as.a general-purpose lab instrument, the ADC-100 
has proved popular in many diverse fields. For example, 
they are used in gatages for tracing faults in car ignition, 
fuel injection and ABS circuits. In addition they also prove 
invaluable to audio engineers as the spectrum analyser 
covers the whole audible range. 


Olympics provide a testing time 

During the. 1992 Barcelona Olympics several horses 
suffered from heat exhaustion. Climatic conditions in the 
1996 Atlanta games will be even more severe, and there 
has been talk of the equestrian events having to be 


modified or even cancelled. The Animal Health Trust.in 
Newmarket has set up a project in order to. make 
recommendations on transport, acclimatization periods 
and modifications to the competition required to ensure 
that the horses are not placed under unnecessary stress, 
The trust has set up an air conditioned building so-that 
horses may be exercised on. a treadmill under varying 
conditions. Pico virtual instruments and data loggers are 
being used to measure temperatures, humidity, sweat rate, 
oxygen levels and heartbeat signals. 

The latest tests will be using the new TC-08 eight-channel 
thermocouple converter. By measuring the temperature at 
eight points on the horse's body, a ‘weighted index’ of the 
horse's body temperature will be constructed. The TC-08 
will allow these tests to be performed far quicker than with 
traditional instruments: 

During the Olympics, Pico ADC units will be used to 
monitor shade temperature, relative humidity and black 
globe temperature (an estimate of solar radiation)..A cut- 
off level will be set above which it is not considered safe 
for horses to continue; If the index reaches this level, the 
competition will be temporarily halted until it becomes 
cooler. 


(Fig. 2). This is a multi-purpose, multi- 
I/O card that can be inserted into an ISA 
slot which should be available in almost 
any PC except portables etc. The card of- 
fers a choice between 16 single-ended or 
8 differential inputs, 8 digital I/O chan- 
nels and 2 counters/timers. The maxi- 
mum sampling rate is 500 kHz, and the 
two A-D converters used on the card 
achieve a resolution of 12 bits. The in- 
puts of the card have a span of either 
+5 V or +10 V. A linear measurement 
range of 0 to 10 V is available. Moreover, 
the gain in each channel may be set to 1, 


2,5, 10, 20, 50 or 100. 

The card is compatible with different 
programs, both running under DOS and 
Windows. For this purpose National 
Instruments supplies the programs NI- 
DAQ, LabVIEW and LabWindows. 

To mention another example of an es- 
sential technical characteristic of an in- 
sertion card, the oscilloscope card from 
TiePie Engineering (Fig. 3) has a sam- 
pling frequency of 50 Msamples/s coupled 
with a resolution of 8 bits. Functionally, 
this card turns the PC into a digital mem- 
ory oscilloscope with two input channels. 


The associated software incorporates all 
functions which are necessary to enable 
the use as a spectrum analyzer, a digital 
true-RMS multimeter for signals to 
5 MHz, a distortion meter and a transient 
recorder. A built-in signal generator sup- 
plies a square wave output signal with a 
frequency between 100 Hz and 1 MHz. 


The resolution of 8 bits is typical of many , 
measurement cards. In practice, it is ade- ; 
quate for a large number of applications. | 
On the screen, it is usually not necessary { 


to display more than 256 levels. Portable 
digital instruments (for example, the 
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Fig. 3. The TP508 from TiePie Engineering turns any PC into a fully-fledged oscilloscope. 
Moreover, the software that comes with the unit offers a host of extra functions. 


Tekscope from Tektronix) have a compa- 
rable resolution. However, if the mea- 
sured data is to be used in complex 
calculations, a resolution of 12 bits is rec- 
ommended. 

An example of a simple and affordable 
solution is the MC-PC20 measurement 
card from Conrad Electronics (Fig. 4). 
This card demonstrates that functional- 
ity can be upheld despite a somewhat 
simpler design. This card offers 16 sin- 
gle-ended or 8 analogue inputs. The in- 
puts feature overvoltage protection up to 
about 30 V, and are suitable for measur- 
ing voltages in three ranges: between 
+10 V, +5 V or +2 V. Both the input and 
the output of the converter have a resolu- 
tion of 12 bits. In addition to the ana- 


logue inputs, the card also offers 32 digi- 
tal I/O channels at TTL level which can 
be configured as inputs or outputs in 
blocks of eight. The MC-PC20 comes with 
a large number of drivers. 


Still more compact 


Probably the simplest way to create an 
analogue input on a PC is to connect a 
compact adaptor to the parallel port. 
Such an adaptor enables portable com- 
puters, which have no extension slot at 
all (such as ISA, PCI or PCMIA), to be 
employed for simple measurement jobs. 
The ADC-12 from RS Components shown 
in Fig. 5 is an example of such an adap- 
tor. The unit has a resolution of 12 bits, 


bBkarier 
und 


Fig. 4. 
sive, alternative does exist. 
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This interface card from Conrad Electronics clearly shows that the simple, inexpen- 
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an input range of 0 to 5 V, and a highest 
sampling rate of 18 kHz. A 10-bit version 
is also available offering a maximum 
sampling rate of 22 kHz. The input of 
both adaptors is a formed by a BNC 
socket. The ADC-11, finally, is a rather 
special adaptor which turns the printer 
port into 11 analogue inputs with a reso- 
lution of 10 bits each. An additional ad- 
vantage of this adaptor is the presence of 
a digital output which can be used to con- 
trol other circuits, or a heavier load, viaa 
relay. 

Two programs are available to give 
software support to these adaptors. 
PicoLog allows you to watch an input 
voltage over a long period of time, and 
store the measurement results. This 
function is normally referred to as log- 
ging. PicoScope turns the PC into a (sim- 
ple) analogue instrument with the 
following functions: memory oscilloscope, 
spectrum analyser, voltmeter and fre- 
quency meter. 

Another converter, the ADC-16, is 
connected to the RS232 (serial) port on 
the PC, This is basically an analogue in- 
terface with a resolution of 16 bits and 
up to eight channels. At a resolution of 
eight bits, a sampling rate of 200 per sec- 
ond is achieved. This is reduced to 2 sam- 
ples per second when a resolution of 
16 bits is selected. 

As already mentioned, there are also 
interfaces available for extremely com- 
pact computer systems such as laptops 
and palmtops. Advantech supplies a 
PCMIA card (type II) with 12-bit resolu- 
tion for these computers. The acquisition 
system, DACpad-71, offers eight differ- 
ential inputs which are read at a sam- 
pling rate of 30 kHz. In addition to eight 
analogue inputs, four digital inputs and 
outputs are available. Depending on the 
exact type, the gain of the DACpad-71 
may be set to a maximum of 8 (type 71A) 
or 1,000 (type 71B). A separate connec- 


Fig. 5. This adapter from RS Components 
enables laptop and palmtop computers hav- 
ing only the standard interfaces (such as 
printer port) to be used for measurements. 
Great for field work and servicing! The soft- 
ware is supplied by Pico Technology. 
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tion box contains a cold junction compen- 
sation, which allows the interface to be 
used in conjunction with thermocouples. 


Software 


Much hardware comes with the associ- 
ated software. The best known supplier 
of measurement and contro] software is, 
without doubt, National Instruments, 
whose programs are among the most fre- 
quently used in the relevant branch of 
the industry. The programs LabVIEW 
and LabWindows have a multi-purpose 
structure, and are capable of using a h- 
brary with drivers for hardware pro- 
duced by no fewer than 
45 manufacturers. These YI libraries 
contain drivers for instruments which 
are connected to the GPIB, VXI or RS232 
interface, but also for a number of inser- 
tion cards. Thanks to this support, you 
need not slave away at low-level pro- 
gramming to develop your own driver. 

LabVIEW has a long history which 
goes back to 1983 when this development 
system was initiated, followed by the in- 
troduction on the market in 1986. In 
1990, important patents were obtained 
on this software, resulting in the intro- 
duction of LabVIEW 2. Starting with this 
version, a graphics compiler is employed 
which results in a processing speed 
which is roughly equal to that of code de- 
veloped in C. Later, LabVIEW was made 
suitable for use on computers on differ- 
ent hardware and software platforms: 
Microsoft Windows (NT), (Power) 
Macintosh, Sun Solaris and HP-UX. 

The graphics environment offered by 
LabVIEW enables you to build an appli- 
cation which, in its final version, repre- 
sents all the functionality defined by the 
user, Via LabVIEW, support is available 
for data acquisition, control and data 
analysis. Raw data collected with the aid 
of the software and the measurement in- 
strument may be processed using DSPs, 
digital filters and statistical and numeri- 
cal analysis. 

An important advantage of the pro- 
gram is that it keeps using the same in- 
tuitive user interface over and over 
again, so that the user and the software 
always communicate in the same way. 

Alongside the LabVIEW graphics en- 
vironment there also exists LabWin- 
dows/CVI, an interactive environment 
which makes use of ANSI C. This inte- 
grated C environment contains, among 
others, a 32-bit C compiler with linker 
and debugger, and a couple of utilities for 
the generation of code. A staggering 
450 drivers are available to support mea- 
surement systems from various manu- 
facturers, which is a great help for any 
programmer involved in writing soft- 
ware. Included with LabWindows/CVI is 
a library containing routines for signal 
processing, statistics, curve fitting, FFT 
and complex analyses. A special graphics 
editor is available for the design of 


Fig. 6. LabVIEW offers the user a graphics environment for the production of made-to-mea- 


sure applications. 


graphics blocks via which the software 
communicates with the user. A large 
number of icons is included to compose a 
nice looking screen, showing panel me- 
ters, switches, controls and indication 
lamps. Network support is available via 
DDE and TC/IP routines. 


Many possibilities 


This article has only skimmed the hard- 
ware and software options which are 
available to perform and process mea- 
surements using a PC. A cautious esti- 


mate is that there are currently hun- 
dreds of external measurement systems 
for the computer, making it an impossi- 
ble task to give a complete overview of all 
the technical features. In any case, the 
aim of this article is to give you some 
idea of the possibilities. And there are 
quite a few! Perhaps it would be better to 
make a (short) list of things that can not. 
be measured with the aid of a computer? 
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Fig. 7. LabWindows/CVI is an interactive software development system for the design of in- 
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sisnelligs: circuit protectors 
A Maxim Application 


“ee MAX366 and MAX367 are mul- 
tiple, two-terminal circuil protec- 
tors, Placed in series with signal lines, 
each two-terminal device guards sen- 
sitive circuit components against volt- 
ages near and beyond the normal 
supply voltages. They are used at in- 
terfaces where sensitive circuits are 
connected to the external world and 
could encounter damaging voltages 
(up to 35 V beyond the supply rails) 
during power-up, power-down, or 
fault conditions. 

The MAX366 contains three inde- 
pendent protectors and the MAX367 
contains eight. They can protect ana- 
logue signals using either unipolar 
(4.5-36 V) or bipolar (+2.25 to +18 V) 
power supplies. Each protector is 
symmetrical. Inpul and output termi- 
nals may be freely interchanged. 

The devices are voltage-sensitive 
MOSFET transistor arrays that are nor- 
mally on when power is applied and 
normally open circuit when power is 
off. With +10 V supplies, on-resist- 
sance is 100 Q maximum and leakage 
is less than 1 nA at +25 °C. 

When signal voltages exceed or are 
within about 1.5 V of either power- 
supply voliage (including when power 
is off), the two-terminal resistance in- 
creases greatly, limiting fault current 
as well as output voltage to sensitive 
circuits. The protected side of the 
switch maintains the correct polarity 
and clamps about 1.5 V below the 
supply rail. There are no ‘glitches’ or 
polarity reversals going into. or com- 
ing oul of, a fault condition. 


Background information 


When a voltage outside the supply 
range is applied to most integrated 
circuits, there is a strong possibility 
they will be damaged or ‘latch up’ 
(that is, fail to operate properly even 
after the offending voltage is removed). 
If an Ic’s input or output pin is sup- 
plied with a voltage when the Ic’s 
power is off, and power is subse- 
quently applied, the device may act as 
an SCR and destroy itself and/or other 
circuitry. Such ‘faults’ are commonly 
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Table 1. Electrical characteristics. 


Fig. 1. Typical operating circuit. 
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Fig. 2, Simplified internal structure. 


950116 <19 


Fig. 3. Application circuit. 


Fig. 4. Turn-on delay. 


Fig. 5. Power-supply sequencing. 


ELEKTOR ELECTRONICS OCTOBER 1995 


encountered in modular control sys- 
tems where power and signals to in- 
terconnected modules may be inter- 
rupted and re-established at random. 
They can happen during production 
testing, maintenance, start-up, or 
power ‘brownout’. 

The MAX366/MAX367 are designed 
to protect delicate input and output 
circuitry from overvoltage faults up to 
+40 V (with or without power applied). 
in devices such as op amps, analogue- 
to-digital converters (ADCs). digital-to- 
analogue converters (DACs), and volt- 
age references. These circuit protec- 
tors automatically limit signal voltages 
and currents to safe levels without de- 
grading normal signal performance, 
even in very-high-imped-ance circuits. 
They are powered by the power supply 
of the protected circuit and inserted 
into the signal lines. There are no con- 
trol lines, programming pins, or ad- 
justments. 

Unlike shunt diode networks, these 
devices are low-impedance FETs that 
become high impedance during a fault 
condition, so faull current and power 
dissipalion are extremely low. Equally 
important, leakage current during 
normal and fault conditions is ecx- 
tremely low. In addition, unlike most 
discrete networks, these parts protect 
circuits both when power is off and 
during power transitions. 


Detailed description 


Figure 2 shows the simplified internal 
construction of each protector inside 
the MAX366/MAX367. Each circuit 
consists of two n-channel FETs and 
one p-channel FET. All the FETs are 
enhancement types: that is, the n- 


channels must have about 1.3 V of 


positive gate voltage in order to con- 
duct, and the p-channel must have 
around 2 V of negative gate voltage in 
order to conduct. 

During normal operation, V+ is con- 
nected to a positive potential and V- is 
connected to a negative potential. 
Since their gates are tied to V+, tran- 
sistors Q; and Q3 conduct as long as 
their sources are at least 1.3 V below 
V+ (the n-channel gate threshold). 
Transistor Qo's gate is tied to V-, so it 
conducts as long as its source is 2 V 
or more above V (the p-channel gate 
threshold). 

As long as the signal is within these 
limits, all three transistors conduct 
and a low-resistanee path is main- 
tained from the IN to OUT pin. (Note 
that, since the device is symmetrical, 
IN and OUT pins can be interchanged) 
When the signal is beyond the gate 
threshold of either Qo or Q;/Qs, the 
path resistance rises appreciably. 
When power is off, none of the tran- 
sistors have gate bias, so the circuit 
from IN Lo OUT is open. 
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Normal operation 


In normal operation, the protector is 
placed in series with the signal line 
and the power supplies are connected 
to V* and V (see Fig. 3). V- is ground 
when operation is from a_ single 
supply. When power is applied, each 
protector acts as a resistor in the sig- 
nal path. Any voltage source on the 
‘input’ side of the switch will be con- 
ducted through the protector to the 
output. (Note that, since the protector 
is symmetrical, IN and OUT pins can 
be interchanged). 

If the output load is resistive, it will 
draw current, and a voltage divider 
will be formed with the internal resis- 
tance, so the output voltage will be 
lower than the input voltage. Since the 
internal resistance is typically smaller 
than 100 Q, high-impedance loads will 
be relatively unaffected by the pres- 
ence of the protector. The protecior’s 
path resistance is a function of the 
supply voltage and the signal voltage. 


Power off 

When power is off. that is, V+ = V- = 
OV, the protector is a virtual open cir- 
cuit, and all voltages on each side are 
isolated from each other up to +40 V. 
With +40 V applied to the input pin, 
the output pin will be 0 V, regardless 
of its resistance to ground. 


Fault conditions 

A fault condition exists when the volt- 
age on either signal pin is within 1.5 V 
of either supply rail or exceeds either 
supply rail. This definition is valid 
when power is applied and when it is 
off, as well as during all the states as 
power ramps up or down. 

During a fault, the protector acis as 
a variable resistor, conducting only 
enough to sustain the other side of 
the switch within about 1.5 V of the 
supply rail. This fault is know as the 
‘fault knee voltage’ and is not symmet- 
rical. It is about 1.3 V down from the 
positive supply (V+ pin) or around 
2.0 V up from the negative supply (V- 
pin). Each fault knee voltage varies 
slightly with supply voltage, with out- 
put current, and from device to de- 
vice. 

During a fault condition, all the 
fault current flows from one signal 
pin through the protector and out 
the other signal pin. No fault cur- 
rent flows through either supply 
pin. (There will be a few pico-amps of 
leakage current from each signal pin 
to each supply pin, but this is inde- 
pendent of fault current). 

During the fault condition, enough 
current will flow to maintain the out- 
put voltage at the fault knee voliage, 
so the fault current is a function of the 
oulput resistance and the supply voli- 
age. The output voltage and current 
have the same polarity as the fault. 


64] APPLICATION NOTE 


The maximum input fault voltage is 
40 V from the ‘opposite-polarity 
supply rail’. This means the input can 
go to +35 V with +5 V supplies or to 
+25 V with +15 V supplies. The fault 
voliage is highest (+40 V) when the 
supplies are off (Vt = V~>=0 V). 

Using the circuit of Fig. 3, the ap- 
proximate fault currents are: 


1. for positive faults: 
Ip = (V*-1.3 Vi ow) + Roct 


2. for negative faults: 
L- = (v- +2+ Viow) t Rout. 


where V, oy is the terminating voltage 
al the far end of Roy; Veow = 0 V when 
Roy is grounded. 

The current through each protector 
should never exceed 30 mA, Always 
calculate the power dissipated by all 
the protectors in worst-case condi- 
tions (maximum vollage and current 
through each protector) to ensure the 


package dissipation limit is not 
reached. 
With  single-supply operation, 


grounded loads will have zero voltage 
(and current) whenever the input 
voltage is below about 2 V. In effect, 
both the. IN and OUT pins are in fault 
condition. 

A special case arises when the 
power is off: the part is in a perpet- 
ual fault condition but no fault cur- 
rent flows because all the internal 
FETs are off. 


Single-supply output operation 
Single-supply operation is a special 
case. Signals can not go to ground, 
since from 0 V to aboul +2 V is a fault 
condition, 


Very-low-current operation 

When the protector’s output side is 
connected to very high resistance, 
very-low-current loads (such as op 
amp inputs), a small leakage current 
flows from the input to the output 
during fault condilions. This current 
is typically below a nano-ampere, but. 
if the output resistance is high 
enough, it can cause the output volt- 
age lo exceed the supply voltages dur- 
ing fault conditions. 

This condition can be self-correct- 
ing, however, if the high-resistance 
load has protection diodes to the 
supply rails (eilher external or inter- 
nal to the op amp). These diodes con- 
duct the leakage current to the supply 
rails and safely limit the output volt- 
age. An alternative is to add a high- 
value resistor to ground in parallel 
with the load. This resistor may be as 
low as 1000 MQ: its value must be de- 
termined experimentally at the high- 
est expected operational temperature. 

The fault protectors will not nor- 
mally be used with high-impedance 


FET input amplifiers that lack input 
protection diodes. Such amplifiers are 
fragile and are normally reserved for 
use when ultra-low leakage (pA) is 
needed. The MAX366/MAX367 have 
nano-amperes of leakage, which 
would negate the low leakage of the 
unprotected amplifier. 


Low-voltage operation 

The MAX366/MAX367 ‘operate’ with 
supply voltages all the way down to 
OV, but what they do to the signal is 
not obvious. With a total supply volt- 
age of 3.5 V, the protector is in a fault 
condition with nearly any input that is 
not close to 2 V. Below 3.5 V (includ- 
ing power off), the protector is perpet- 
ually in a fault condition, that is, high 
impedance. 

When the supply voltage(s) ramps 
up (and/or down) from zero, the sig- 
nal path is initially in a fault condition 
(open), until the supply voltage passes 
the input voltage. The output starts at 
zero and is delayed from reaching the 
input voltage as the part comes out of 
the fault condition. If the supply volt- 
age exceeds about 3.5 V, but never ex- 
ceeds the input voltage, the output 
will folow the supply, always remain- 
ing about 1.3 V below the positive 
supply voliage or 2 V above the nega- 
tive supply voltage. If the input volt- 
age subsequently comes out of the 
fault condition, the output returns to 
the input value. This set of conditions 
is exactly reversed when power ramps 
down to zero. 

Since the input and output pins are 
identical and interchangeable. pre- 
dicting whether or not the part is in a 
fault condition is easy: if cither IN or 
OUT exceeds Vt or V-, a fault condition 
exists and the current that flows will 
be just enough to cause the other sig- 
nal pin (OUT or IN) to approach the ap- 
propriate supply rail. 


Typical applications 


Driven switches 

The MAX366/MAX367 have low 
supply currents (<1 pA), which allows 
the supply pins to be driven directly by 
other active circuitry, instead of con- 
nected directly to the power sources. 
In this configuration, the parts can be 
used as- driven  fault-protected 
switches with Vt or V- pins used as the 
control pins. For example, if the V~ pin 
is grounded, you can turn the Vt pin 
on and off by driving it with the output 
of a CMOS gate. This effectively con- 
necis and disconnects three or eight 
separate signal lines at once. (Lf bipo- 
lar signals, or signals that go to 
ground, are being switched, the V- pin 
must be driven simultaneously to a 
negalive potential. Always ensure that 
the driving source(s) does not drive the 
V+ pin more negative than the V~ pin. 


Fig. 6. Path-resistance 
measuring circuit. 
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Fig. 7. Surge-suppression circuit. 
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Fig. 8. Pin configurations. 


Figure 4 shows a simple turn-on 
delay that takes advantage of the 
MAX366’'s low power consumption. 
The two RC networks cause gradual 
application of power to the MAX366, 
which in turn applies the input sig- 
nals smoothly after the amplifier has 
been stabilized. The two diodes dis- 
charge the two capacitors rapidly 
when power is turned off. 

This circuit can be tailored to 
nearly any rate of turn-on by selecting 
the RC time constants in the V* and V- 
pins. without affecting the time con- 
stant of the measuring circuit. 


ELEKTOR ELECTRONICS OCTOBER 1995 


Please mention ELEKTOR ELECTRONICS when contacting advertisers 


PCBs the easy way - for the Professional 
(ideal for one-off prototyping), Amateur and 


Hobbyist. 


TEC 200 IMAGE FILM 


(as featured in Elektor February 1995) 


Why not give it a try - you'll be amazed! 
For brochure and price list - SAE or phone: 
a | 


PSS Services 


217 Prestbury Road, Cheltenham, Glos, GL52 3ES 
Phone/Fax 01242 254108 (int'l +44 1242 254108) 


ay Li WHO PUTS ITRIGHT? 


ance eg NE 


We do. The Advertising Standards Authority ensures 
advertisements meel with the strict Code of Advertising Practice. 


So if you question an advertiser, they have to 
answer Lous, 

To find oul more about the ASA, please write to 

Advertising Standards Authority, 

Department X, Brook House, 


Torrington Place, London WCIE 7HN, ASA 


This space Is donated In the Interests of high standards In advertisements, 


Protectors as circuit elements 

Any of the individual protectors in a 
MAX366 or MAX367 may be used as a 
switched resistor, independent of the 
functions of other elements in the 
same package. For example, Fig. 5 
shows a MAX366 with two of the pro- 
tectors used to protect the inpul of an 
op amp. and the third element used to 
sequence a power supply. Combining 
the circuils of Fig. 4 and Fig. 5 pro- 
duces a delayed action on the switched 
+5 V, as well as smooth application of 
signals to the amplifier input. 


Testing circuit procedures 


Measuring path resistance 

Measuring path resistance requires 
special techniques, since path resis- 
tance varies greatly with the IN and 
OUT voltages relative to the supply 
voltages. Conventional ohmmeters 
should not be used, for two reasons: 
1) the applied voltage and currents are 
usually not predictable, and 2) the 
true resistance is a function of the ap- 
plied voltage, which is altered by the 
ohmmieter itself. Autoranging ohmme- 
ters are particularly unreliable. 

Figure 6 shows a circuit that can 
give reliable results. This circuit uses 
a 100 mV voltage source and a low- 
voltage-drop ammeter as the measur- 
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ing circuit, and an adjustable supply 
to sweep the analogue voltage across 
its whole range. The ammeter must 
have a voltage drop of not more than 
1 mV (at any current) for accurate re- 
sults. (A Keithley Model 617 Electrom- 
eter has a suitable ammeter, appropri- 
ate ranges, and a built-in voltage 
source designed for this type of mea- 
surement). Measurements are made by 
setting the analogue vollage. measur- 
ing the current, and calculating the 
path resistance. The procedure is re- 
peated at each analogue voltage and 
supply voltage. 

It is important to use a voltage 
source of 100 mV or less. As shown in 
Fig. 4, this voltage is added to the Vjy 
voliage lo form the Vg); voltage. Using 
a higher voltage could cause the OUT 
pin to go into a fault condition prema- 
turely. 


High-frequency performance 

In 50 2 systems. signal response is 
reasonably flat up to several mega- 
hertz. Above 5 MHz, the response has 
several minor peaks, which are highly 
layout dependent. Because the path 
resistance is dependent on the supply 
voltage and signal amplitude, the im- 
pedance is not controlled. Adjacent 
channel ailenuation up to 5 MHz is 
about 3 dB above that of a bare Ic 
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socket, and is caused entirely by ca- 
pacitive coupling. 

Pulse response is reasonable, but 
because the impedance changes 
rapidly, fast rise times may induce 
ringing as the signal approaches the 
fault voltage. At very high amplitude 
(such as noise spikes), the capacitive 
coupling across the signal pins will 
transfer considerable energy. despite 
the fact thet the d.c. path is a virtual 
open circuit. 


High-voltage surge 
suppression 


These devices are not high-voltage ar- 
resters, nor are they substitutes for surge 
suppressors. In systems that use these 
forms of protection. however, the 
MAX366/MAX367 can fill a vital gap. 
Figure 7 showsa typical circuit. Allhough 
the surge suppressors are extremely 
fast shunt elements, they have very soft 
current Knees. Their clamp voltage must 
be chosen well above the normal signal 
levels, because they have excessive leak- 
age currents as the knee is approached. 
This current can interfere with normal 
operation when signal levels are low or 
impedances are high. If the clamp volt- 
age is too high. however, the input can 
be damaged. [950116] 
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OCTOBER 1995 
Elektor Item Tracer 1985-1994 
MatchBox BASIC computer: 
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Infrared dimmer 940109-1 
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Surround sound pro 950012-4 
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Debugging 8031) ‘8051 


- PCB + 


Quasi-analogue clockwork 930024 
DECEMBER 1994 


In-car audio amplifier {3} 940078-2 


AF inimune power supply $40054-1 
ispStarter kit from Lattice 

- PCB + disk (94620 940093-C 
- Examples on PC d-sk 946204-1 


NOVEMBER 1994 
Singie-wire communication 94005! 
In-car audio amplitier (2) fi 
Solid-state disk 

- PCB + EPROM (946641-1)940085-C 


- EPROM 27256 946641-1 
Simple capacitance meter 940091-1 
OCTOBER 1994 

Motive-battery charger 940083-1 


Integrated AF amplifier 

-autpul amplifer board = © 936062-1 
- preamplifier PCB I36062-2 
Tester for 18 ‘emote contro) 940084-! 


In-car audio amplifier [1) = 940079-1 
TY line monitor 
- PCB 4 PIC (946643-1) S40065-C 
- PIC 16054 946643-1 
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Switchable a.c. supply 934004 
Anemometer & 940017 
Compaci treque! 940051-1 
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- main doare 940068-1 
JULY/AUGUST 1994 
General purpose IR vaume 
control 930099 
IR controlled switch 936066 
MIDI swell pedal 
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- PCB + EPROM (946635-1)94 
- EPROM 27 C84 4 
Charge meter 
tener 


o-mause adaptor 944040-1 
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Centronics 10 interface 94406 7-1 
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-1 


Optical doorbell 944080 
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Small loop antennas 


- software or LOM PC disk 1951 
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infra-red code: 
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PIC programming course 
- files ane misc. ultilit.es or 
IBM PC disk 946196-1 


JUNE 1994 
800536 SBC extersiun 
~ PGA 940025-1 


- Software on IBM PC disk 1941 
I°C display software on 
IBM PC cisk 946197-1 
2C bus booster 940057-1 
RS485 ntesace 940035-1 
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Article tithe Order no. Price Article tite Order no. Price Article title Order no. Price | Looking for clues? 
(£) (USS) (£) (USS) &) (USS) 5 7 one 
| Can't find it? 
6BHC11 processer board 930123 | Maxi micro clock Elektor Electronics Item Tracer 
Headphones amplifier 940016 NOVEMBER 1993 - PCB 930020 16.50 31.00 — in 
Precision clack for PGs - clock: ST62T10 7081 11.50 23.00 
MARCH 1994 - PCB + disk (187t) 930058-C = 12.25 24.50 - darkroom timer: ST62T10 7091 11.50 23.00 
400535 assembler course - software on IBM Pe disk 1871 850 17.00 - cooking timer; STB2T10 7101 11,50 23.00 
~EMONS52 ROM + disk i1811) 6221 17.05 34.10 VHFSUHF TY tuner SMD soldering station 930066 9450 19.00 
~ disk (IBM PC format) 1811 B80 17.60 - PCBs -1 and -2. ano VHF-low converter 926087 1550 31.00 | 
PiC programmer pC 87051 (7141) 930064-€ $7.25 114.50 I2¢ bus fuse 45 an 1 PGR) 934016 800 16.00 | 
- PCB + software set (7161}940048-C e 66.00 132.00 - pC 87051 7141 25.75 51.50 | VYorce operated recerding 934039 600 12.00 
~ PiC1 7042 + PC disk 7161 = 52.75 105.50 Output ampliter with AF General transiormar PGR 934004 650 13.00 
1OOW AF amplifier bandpass filter 930071 675 13.60 | Prantrumi nontor 934031 4.60 9.00 
- adaptor board 930039 6.25 16,50 Digntal hygrometer: Plant humidity monitor 
- amplifier board 920135-1 19.40 36.80 -PGB+EPROM (6301) 930104-C 28.00 56.00 (supply) 934032 400 8.00 
- protection board 920136-2 7.95 15,90 - EPROM 2764 6901 14.50 29.00 Four-taid DAC caed for PCs: 
Power MOSFET tester 930107 32.60 65.00 - GAL 6251 10.75 21.50 
FEBRUARY 1994 Multi-purpose cisplay decoder 
800536 single-board OCTOBER 1993 EPROM 27128 6261 11.50 23.00 
computer 924046 14.10 2820 Stereo mixer UPBS-1 1.95 390 
Copybst eimunater MIDI channel monitor 930059 14.00 2800 JUNE 1993 rn 
- PCB + MACH + GAL 930098-C @ 46.25 92.50 Ah meter with digital display 930068 14.00 28.00 Spectrum VU meter 920351 19.00 26.00 covers 
MACH + GAL 6321 42.25 84.50 | Autoranging trequency GAL programmer upgrade 1985 
Min preamplitier §3010h 29.25 58.50 ' readout 930034 12.50 25.00 - PGB 930060 450 9.00 Pl Beprrey 
Bidirectional RS232-4n- AOM-gate switchover for - sottware an IBM PC disks 1701 11415 22.30 | 1904 
Centronics converter 930144 14.00 28.00, Atan ST 930008 30.25 60.50 idem, wo Opal Jr. disks 1881 10.75 21.50 - ‘ 
Microntroller-driven AiCd - software on Anuiga disk 1441 11.00 22.00 
JANUARY 1994 hattery charger Min. requirements: Windows 3 1, 388 CPU. 4 MByte 
SIM — an BO51 simulator Soard and ST62E15 920°62-C 25.50 51.00 | 926001-2 11.50 23.00 RAM, 2 Mbyte HD space 
- software on IBM PC dis 1931 - ST62E15 7071 10.09 2000 Irexpens.ve phase meter Price: £15 00, £12.00 for subsrrihers (please quole your 
Oigital dial 920161 Fuzzy Ingic mwitimeter - 2: - main board 939046 9.00 18.00 | subscription number when ordering). 
ROS decoder } ~PCB~ Fuzzy Control One 920009-C 23.75 47.59 - meter board 920018 470 940 | Order code S56014-1 
- PCB + EPROM (6931) 930121-0 27.75 5150 - Fuzzy Control One disk 1721 7.75 15.50 - fran: pane! foil 930046-F 17.25 3450 
- EPROM 27064 6331 14.50 29.00 X2404-to-8751 intestacing 
PC taster: SEPTEMBER 1993 software on IBM PC disk 1991 8.50 17.00 Elektor Electronics slipcase 
PCB + GAL (6341) 930128-C 36.25 72.50 Fuzzy logic multimeter «1 = 920049-2 70.90 40.00 | - : 
- GAL type 6001 6341 30.75 61.50 Linear temperature gauge 920150 7.05 14.10 MAY 1993 
Telephone-controlled switch PC-aded transistor tester FIM stereo signal generator 920156 23.00 46.00 
- PGB + EPROM (6271) 934054-C = 37.2h 74.50 - PCB 920144 9.75 19.50 VHF/UHF receiver 926001 19.00 38.00 
- EPROM 2764 6271 14,50 29.00 - software an IBM PC disk 178° 7.60 15.00 Philips preamplifier. 
Harmonic enhancer 930025 13.59 27.00 - PCA 930603 7.50 15.00 
DECEMBER 1993 1?G alphanumerical display ~ software on IBM PC disk 1861 8.50 17.00 
536 card wilh EPROM emulatar - PGB + disk (1851) 930044-C 14,25 28.50 Workbench PSL: 
- GAL and PAL 6311 = 26.00 62.00 - Software on BM PC disk 1851 8.50 17.00 - main PGB 930033 2150 43.00 
RMS AF vustmeter: Mini micro clock - display PCB 920075-1 470 940 
- PGB 930108 12.25 2450 - PCB 7.80 15.00 - frant panel foil 930033-F 17.00 34.00 
- front panel tol 930108-F 17.25 3450 - clack: ST62T15 11.50 23.00 
2C power switch 930091 6.25 12.50 > darkroom timer: ST62T15 11.50 23,00 APRIL 1993 
Mecium pawer HEXFET - cooking timer. ST62T15 11.50 23.00 Audio power :neter 930018 10.25 20.50 
ampli?-er 990102 12.75 25.50 950-1750 MHz converter 195 390 Video digtizer for PCs 
Microcontrolier-driven UART > PCB + disk (1831) 930007-Ce 37.00 74.00 
PCB 930073 475 9.50 | JULY/AUGUST 1993 - Software on IBM PC disk 1831 14.50 29.00 lL 
- 8162719 7151 17.25 34.50 Active 3-way loudspeaker Infrared receiver for 80032 
SCART switching box 930122 14.25 2860 system 930016 §=21.50 43.00 single-board computer: ' Price: £2.95 = PAP (£1.50 UK; £2.00 outside UK) 
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- PCB and gisk (4791) 920149-0 
- seftwara on IBM) PC disk, 
also ‘or OT MF decoder 1791 
4MB printer bulfer card: 
- AGB 920009 
- EPROM 27064 6041 
- frant panel foil 920009-F 
MARCH 1993 
Linear sound pressure meter 930006 
Flactrically isolated AS232 
Merface 920138 
Ty test patlern generator tor 
8052 SHC. 
- EPROM 27256 6157 
FEBRUARY 1993 
Dogta audie/visual system 44): 
- software package, EPROM. 
GALS and IBM PO disk 61a 
U24008 NiGd battery chargar: 
- PCB 920098 
- ‘rent panel foil 920098-F 
Qigital-audio enhancer 920169 
PC optiatrelay card 
- PB 930004 
> software on IBM PC disk 1821 
Watl-hour meter: 
- PGBs -1 and -2. and 
EPROM (62411 920°48-0 
- EPROM 27256 Baas 
JANUARY 1993 
PAL tast pattern generator 
- PCB + GAL (6211) 9201 29-0 
- GAL 20VE 4211 
Mult-core cable tester 
~ matrix beard 926079 
- slave unit 926084 
mastar mil 926085 
DECEMBER 1992 
Digital auciovisual system: 
- PCB + EPROM |6171) 920022 C 
- EPROM 2/0256 6171 
- panel foi: dissolve writ = 920022-F1 


~ pane: Foil remote cantrol 920022-F2 


~ panel foil main unit 920022-Fa 
1.2 GH? mubifurgtien 
{reguency meter 
-PGB+ EPROM (6141) — 920095-L 
- EPROM 2/0256 A141 
> front panel toil 920095-F 
Outnut amaliher to: riboon 
loudspeakers 9201a6-1 
920135-2 

Peak-deita M:Od coarger 920d? 
IDG-to-noxheader adaplor 924049 
Min, keyoeard for 280 924047 
SOC852 yP syste 924071 
Mains power-0n celay 924055 
Speechsound memory: 

~ sattware or JBM PG disk 171 
NOVEMBER 1992 

Printer sharing unit 920011 
iffe‘erce tnermometer 820078 
Low-power TTL-to-R5232 

‘nlerface 920127 
OCTOBER 1992 

Audio DAG - 3: 

- PCB 920063-3 
- frart panel ind 920069-F 
Mains sequencer 920013 
W deband active antenna 924101 
ADS demodulator §80209 


Sascal routines for Multi- 
junction Measurement Gard 


jar PGs: software an cisk 1751 
SEPTEMBER 1992 

EPROM emulator - 1: 

- PGB 910082 
- software on IM PG disk 129 
Audio DAG - 2 §20063-2 
JULY 1992 

T2V0C te 240A inverter 

- main boare 920039-1 
~ power howard 920039-2 
- from: sanel foil 20038-F 
Audio Dat - 1 920063-1 
Optecard tor universal 

PC 1 bus s10nan 
FM toner - 5 

-keyooard‘display board = 920005-4 
- S-metar seard 920005-6 
- EPROM 270256 6101 

front panel fail 929005-F 

RS232 yuick taster 920037 
‘Watee pump contrel tur 

solar power System 24007 
Simple power supply 24024 
Wideband active telescopic 
amenna 924102 
JUNE 1992 

[2C display 920004 
Fi tuner - 4: 

- node control board 920005-3 
- synthesizer boare 920005-5 
Guitar turer 

- PGB 4120033 
- from panel Foil 920033-F 


Multi-purpose 280 card 920002 
- GAL set [2x16¥'8} 6111 
- BIOS EPROM 27128 6121 
- sottware on IBM PC disk 1711 
4MB primer butter: 

- front panel foil 9tO110-Fe 
- EPROM 27064 6041 
May 1992 

Camaact mains supp'y 920021 
FMI iuner- 3 (PSU) 920005-2 
GAL programmer: 

- PCB 920030 
- software; see June 1993 

NIGAM decoder: 

- PCB 920035 
= {rant panei fail 920035-F 
APRIL 1992 

80032 SBC extensiar 910109 
2-metre FM receiver 910134 
Comb generator 920003 
ADZ22 converter: 

- PCB 920010 
- soltware or [OM PC disk 1691 
A.comatic NiCd charger UPBS-1 
LOO tor L-C mete: 920018 
Milli-gm meter adaptor 920020 
MARCH 1992 
<0 Meter: 

- irort pace! foil 920012-F 
8751 emulator 920019 
- EPROM 27C64 + IBMcisk 6051 
A-DD-A and (0 tar (7G pus: 

- PCH 910131-2 
- software on IBM PG disk 1821 
AF drive indicator 920016 
Centronics line booster M0133 « 
FIM tuner (tuner board) 920005 
MIDI optical link 920014 
FEBRUARY 1992 

Audevideo switching unit =9101dDe 
(26 interface for PCs 910131-1 
Mini square wave generator = 910161 
Switch-mode power supply 920001 


8051/8092 assembler course: 
EMIONS1 EPROM + course 


disk far IBM PCs (1661) ad6et 
- EMONS! EPROM + course 

desk tor Ata) (1681] 6ng1 
- course disk for IBM PCs 1667 
- course disk for Atari 1681 
JANUARY 1992 
Build your own CD player: 
- PCB Hb e 
- tront panel ‘ail 5\0146-Fe 
Fast precise thermometer 910081 
Low-frequency counter 
- put board 310149-1 @ 
- disolay Doard 910149-2 « 
Min) 280 system 10080 
Provaryping board tar 
IBM PCs 910049 
PC-contvolled weather 
station (3): 
- sattware on IBM PC disk 

isupersedes 1551 and 156*} 1641 
DECEMBER 1991 
Class-A powe’ anplifier (2) 
- projection PCH ga0092-2 
- power Supply PCB 8a0092-4 
uP programmable filters 910125 
Amiga MOUSEOYSTICK 
switch: 
~ PCB 14075 @ 
- GAL 16V8 6001 
Safe so id-state relay 914008 © 
Slave mains unvoff control 
Mark-2 a140i2@ 
Connect-4 scttware on 
2764 EPROM 6081 
NOVEMBER 1991 
Relay care for universal 
|’ interlace 910038 « 
Dissipation limiter S10071« 
Glass-4 power ampifier (1). 
- vollage amp. PCB 580092-1 
> current amp. PCB 8800922 
Timer for CH systems UPBS-2 
24-bit full-colour video 
digitizer (extension for 
Archimedes praeet): 
- sottware on Arch. disk 1691 
OCTOBER 1991 
PG-contralled weather 
station (24 S00124-2@ 
Audio spectrum shit 
encoder/decoder S10105 « 


SEPTEMBER 1991 
Timecode intertace far slide control 


- main board 910055 
- disp ay ooard a7291-93 
- software an IBM PC disk 1611 
- front panel feii 910055-F 
Asymm-syimn casverter g1b0r2 
Plotter driver: 

- sottware on IBM PE disk 1541 


11.45 
12.05 
29.40 


6.45 
765 
5.60 
5.99 
21.15 
616 


"75 
14.40 
5.30 
4.40 


20.90 
20.09 


7.65 
7.65 


145 


380 


10.35 


24.49 
419 
7.65 
8.40 
5.60 


11.45 


15.30 


15.00 
16.20 
13 50 


8.20 
16.50 
7.60 
12.90 


30.69 


25.90 
880 


19.90 


18.10 
7.60 


22.30 


7.60 


2070 


48.80 

$20 
15.30 
17.60 
11.20 


22.30 


JULY/AUGUST 1991 
Multifunction lO ior PGs 
-PCB 

- PAL 16L8 

BrW video digitizer 

- PCB 

- software on Arch. cisk 
Logic ana yser - 5: 

- IBM PC disk + LA-GAL 
» Atari oisk + LA-GAL 
Stepper motor board « 2° 
- power diver board 
LED voltmeter 
Wien bridge 
Anglec bus extension 
card for PCs 

Sync separator 


JUNE 1991 

Universal ballery charger 
Lagic analyser - 4 

- power supply board 

- Anari inter‘ace board 

- 18M irtertace soard 

- PAL 16L8 for SBM face 
Digital ohase meter 
{set of 3 PCBs} 
Light transce ver 
Variahle AG PSU: 

- PCB 

-drant panel ‘oil 
Light switeh wih TY IR re 


910029 
5991 


S11053 « 
1591 


149° 
1501 


910054-2 
914005 @ 
314007 @ 


914030 « 
14077 @ 


S00134 


900054-F « 

Q00094-6 « 

Q00094-) @ 
5977 


910045-1/2'3 & 


JPBS-1 


900104 « 
900104-F 
0048 


Real-time clack for Atari $7: 


- PCB 

- software on IBM PC disk 
Stepper motor board -1: 

- PAL 16.8 


MAY 1991 
800328052 Computer 
Battery tester 
Universal |‘0 interface 
jor IBM PCs 


APRIL 1991 

Logic analyser (31 

- contra: board 

MIDI programme change’ 
- PCB 

- EPROM 2764 

8-bit 1:0 ¢ae Atari 

- PCB 

- software on Atasi disk 
6-m band transverter 
Wisttmeter: 

- Meter board 

- display board 


$10006 
1621 


6011 
910042 
906056 


910046. 


S00094-5 « 


900138 & 
5961 


910005 
1571 
S001 e 


910011-1e 
$10011-2 « 


Tektrenixinte fle converter: 


- software on IBM PC diss 
Oimmer for halogen lights 
- transmitter hoard 

> receive: beard 


MARCH 1991 

The complete prea nolitier: 
input boare 

- rman board 


FEBRUARY 1991 
Logic analyser (21: 

- Prohe board 
Multifunction measure- 
ment card tar PGs: 

- PCB 

- PAL 16.8 


- software on IBM PC disk 


MIDI-te-CY interface: 

- 2764 EPROM 

RDS decoder: 

- demodulator board 

- processor o0a’d 
EPROM 2764 


JANUARY 1991 
Lagir analyser [1] 
- Busboard 


DECEMBER 1990 
Active min subywooter 
Milliohenmeter 

Phase check for audio 
systems 

Signal suppressor for 
all-solid state prear ip 


NOVEMBER 1990 
Madiurr-power aud ¢ 
amplifier 

Programmer for Me 8794 
- PGB 

- 0 aF0S1 


- software or ‘BM PC disk 


OCTOBER 1990 
uP-controlled telephone 
exchange: 

- PCB 

- EPROM 27128 


SEPTEMBER 1990 
Infra-red remote control 


JULY/AUGUST 1990 


Compact '04 power supply 


Intermediate projects 


1581 


910032-* & 
910092-2 @ 


8901691 
#99169-2 


SDG094-3 « 


gn0124-* 

561 

1464 

5941 
880209 @ 


900060 « 
5951 


S00054-4 @ 


900122-2 @ 
910004 @ 
900114-1/2 « 


904024 @ 


900098 


900190 
F085 
1477 


g00081 « 


5941 


408586 


900045 @ 
UPBS-1 


18.50 9 


675 
15.30 


12.35 
F.65 
11.45 


645 
4.10 


7.85 


410 
440 


13.50 
2.30 
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42.40 
30.60 


16.90 


27,00 
4.60 


Min: FM transmitter” 496118 
Sound demodulator for 

satellite TY raceivers S005? « 
Audio power ind:eatur M4004 « 
Four-monito driver 

jar PCs S467 « 


* can et be supphed to readers on the UK 


JUNE 1990 

Power zener diode UPBS-+ 

MAY 1990 

Acoustic tamparature 

moniter UPBS-1 

APRIL 1990 

Digital model train (131 $7291-10 

Q meter SO0031 » 

8-232 splitter 90001 7-1 
900017-2 

MARCH 1990 

Digital mode: tain (124 B7291-9 

Video mexer 43): 

- PGB AF304-3 @ 

- EPROM 27128 4921 

FEBRUARY 1990 

Digital Model Train (111 a7 291-8 

Rletlex MW AM receiver UPBS-1 

JANUARY 1990 

Video mixer (11 §7a04-1 

Nini EPROM programmer = 890164 @ 


All solid-stale oreamplifier d90170-2° 
The Digital Model train (10): 


-contral program or. disk 109 


300 


440 
440 


£15 


2.30 


4.40 
Ano 
16.40 


530 
230 


42.00 
8.25 
14.50) 


6.75 


"The inur PCBS require for the preamplifier {2 © 
890170-1; 1% B9O17O-2 and 1» S90170-3) are 
available as a package, ral. 9017-9, at a discounted 
price of £48.15 (US$96,39) Front panel d80170-F s no 


longer available. 


DECEMBER 1989 


‘gital Model Far a72g' F 

Solid-state preamp BOOT? N-** 
ago ?0-3* 

NOVEMBER 1989 

Digita. Medel Train (8) 

- PCB a7291-5 

- EPROM 27064 fe 

SEPTEMBER 1989 

Aigital Madel Train 87291-6 

Resonance meter saenrt 

JULY/AUGUST 1989 

Function generatar ‘UPBS:1 

MAY 1989 

Digital Medel Tran (4) a7291-4 

OTMF system decoder AgO060) 

S.ne-wave converter UPBS-1 

APRIL 1989 

Oigital Made’ Train BP291-23 

Function generator UPBS-* 

Multi-paeit IR contra 890019-1 

A900 9-2 

FEBRUARY 1989 

Nigita: Manel Tran ar291-1 

VHE receiver apal2? 

JANUARY 1989 

Fax intertace tor Atari 

ST and Archimedes aang 

Low-budget capacitance 

meter UPBS:1 

DECEMBER 1988 

LFA-150 — a fast A50092-3 @ 

power amplitice ABO082-4 @ 

CVES-to-TTL adaptor BSO09R @ 

Autonomous VO controller BS0184 @ 

NOVEMBER 1988 

Bus interface for hi-res 

LOO screans aa00"4 « 

LFA-150 — a fast Sa0082-1 © 

pnwer ampiter S80002-2 « 

OCTOBER 1986 

Peripheral modules 

jar BASIC computer 860159 

JULY/AUGUST 1988 

Frequency read-oul for 

SW receivers 680099 « 

APRIL 1988 

Fuzz unis for guitars 87255 @ 

MARCH 1988 

Gomputer-controlled 

slide fader a7259 @ 

Signal divider for 

salellite Ti receivers Serle? « 

NOVEMBER 1987 

BASIC compuler 87192 


5.90 


21.60 


765 


19:00 
6.60 
8.80 


12.30 


4.60 


20.60 
27.60 
21.20 


102.20 
23.80 


15.70 
9.20 


4.60 


12.30 
16.30 
4.60 


10.10 
4.60 
a0 
950 


9.90 
17.50 


17.30 
4.60 


18.09 
19.20 
11.40 
36 00 


49.40 
19,90 
18.40 


11.60 


43.20 


15 30 
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CODING AND MODULATION 
TECHNIQUES IN ERMES 


1. Introduction 


The term ERMES stands for European 
Radio Message System. It was intro- 
duced by the European Telecommu- 
nication Standards Institute (ETS!) as 
a pan-European paging system. Both 
the equipment specifications and fre- 
quency band are harmonized. The 
only difference between countries is 
an identifier within the transmissions. 
The purpose of this artcile is to exam- 
ine the technical characteristics — es- 
pecially the coding and modulation 
operations. Any comments are purely 
personal. 


2. General arrangement 


Figure | illustrates the structure of an 
ERMES system. There is one pNc which 
manages an entire network. A particu- 
lar area within a network is managed 
by a pac which controls all base sta- 
tions in that area. These two stages 
could be described as the telecom- 
munications part of a network. Ra- 
diofrequency transmissions lo pagers 
come from the base stalions where the 
coding and modulation techniques in 
ERMES are implemented. Pagers are re- 
ceive only and have no facility for 
transmission. These two sections form 
the radio part of the system. For effi- 
cient operation and to minimize the 
possibility of harmful interference to 
receivers, a network is divided such 
that transmissions into overlapping or 
adjacent areas fom different base sta- 
tions are separated with respect to 
time or frequency. This point does not 
require further explanation as it refers 
to network planning. It suffices to 
note that the normal spectrum engi- 
neering parameters must be followed 
in the locations of base stations — even 
where two such stations are each 
under a different pAc. However, for the 
purposes of this article il is assumed 
that an ERMES system is fully oper- 
ational. 

Transmissions by a base station are 
in batches of 16 (sub-sequence) with a 
duration of 12 seconds. A cycle con- 
sists of five sub-sequences with a du- 
ration of one minute. A full sequence 
lasts 60 minutes. Figure 2 shows the 
procedure. (In this respect, ERMES is 
quite slow in comparison to other re- 
cently developed radio system, such as 
GSM and TETRA). A batch number 
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within a sub-sequence is particularly 
important. During operation, a pager 
is assigned to one of the 16 batches in 
accordance with an identification code 
which is preprogrammed into the unit. 
Consequently, the receiver population 
is effecively divided into 16 groups. 

From the radiofrequency viewpoint 
there is a total of 16 channels from 
169.425 MIIz to 169.8 MHz in steps of 
25 kHz. The batches are arranged 
such that each batch number occurs 
al a different time period on each ra- 
diofrequency channel. A unit is pro- 
grammed to monitor its own batch on 
the full 16 or a selected number of 
channels. If it is addressed on a par- 
ticular channel, it remains on that 
channel for the duration of the mes- 
sage. However, ii must be addressed 
initially in the appropriate batch by 
the base siation. 

The paging receivers must operate 
in on of the following categories. 


(a) Tone only where a message is 
simply a sequence of tones (c.g.. 
alert signal. 

(b) Numeric where a message con- 
sists of numeric data and tones. 

(c) Alphanumeric where a message 
consists of letters and numbers. A 
unit must also be capable of pro- 
cessing the other two categories. 

(d) Transparent data that does not 
have a specific form. A unit must 
also be capable of operating in the 
other three categories. 


The coding methods and modulation 
techniques are discussed in the next 
two sections. 


3. Message structure 


The format of a transmission from a 
base station is illustrated in Fig. 3. 
There are four sections. Number 1 
consists of a preamble (30 bits) and 
synchronization word (30 bits). The 


"Paging Network Controller (PNC) 
Paging Area Controller (PAC) | 
ERMES Base Station 


‘ 


-ERMES Pagers 


| 


Fig. 1. ERMES system. 
The pagers are receive only. 


SYSTEM INFORMATION contains ilems 
such as country code (7 bits), cycle 
number (6 bits) and batch number (4 
bits). Further details are not really 
necessary. It suffices to state that 
both blocks have fixed sizes. The 
lengths do not vary during operation. 

The ADDRESS PARTITION contains an 
integral number of addresses in de- 
scending order. The number is vari- 
able, but the maximum value is 140, 
The section ends with a terminator 
(30 bits) which can be recognized by 
pagers, During operation, a pager 
monitors for its own particular ad- 
dress. If it is addressed, the data fol- 
lows in the same or successive 
batches. 

The MESSAGE PARTITION contains the 
actual data. Different messages are 
separated by delimiters. Each mes- 
sage starts with a header of fixed 
length (36 bits) and is followed by 
data and check bits. In an ERMES base 
station, the encoding procedure con- 
sists of two main steps. The original 
data is formed into codewords of 18 
bits. A further 12 bits are produced by 
a cyclic code (Appendix B) such that 
each word becomes 30 bits. For easy 


| Number 1 Number 2 
| 16 batches 


$233 


Number 3 
16 batches 16 batches 


Number 4 
16 batches 


Number 5 | 
16 batches 


A 60 seconds ll 


Fig. 2. Cycle consisting of 5 sub-sequences. Each sub-sequence 
has a duration of 12 seconds and contains 16 batches. 


RADIO, T¥Y & COMMUNICATIONS 


Fig. 3. MESSAGE STRUCTURE in ERMES. A message is divided into four sections. 
Numbers 1 and 2 have fixed lengths. 


implementation, the standard lists a 
binary matrix (it is not necessary to 
undertake complex mathematical cal- 
culations and the derivation of the 
matrix need not be analysed). The 
operation is simply the usual form of 
multiplication for matrices. The input 
is written as a row vector (1 row and 
18 columns). The encoding matrix has 
18 rows and 30 columns and is fixed 
for all operations. Consequently, the 
result is a row vector (1 row and 30 
columns as follows: 


[Data (1, 18)] [Encoding matrix (18, 30)] 
= [Codeword (1, 30)]. 


This is the most complicated mathe- 
matical operation in the entire 
process. The next and final step is 
mercly a_re-ordering in the position of 
bits. It is an interleaving operation 
over nine codewords and its purpose 
is to reduce the effect of erroneous 
bits at the decoder stage. It is a 
simple and effective process that does 
not involve complex mathematical 
functions. The nine codewords are 
grouped such that the 30th bit in 
each word is input to the modulator. 
This is followed by the 29th bit and so 
on. Thus, the MSB is transmitted first 
and is followed by the other bits down 
to the LSB. In the decoder the bits are 
simply restored to their original posi- 
tions. At first glance, the operation 
may appear unnecessary since it adds 
another layer to the encoding proce- 
dure. However, a number of errors oc- 
curring together during transmission 
would not remain as a group to dis- 
rupt a receiver. The inverse interleav- 
ing operation would scatter the erro- 
neous bits which would be detected 
by the cyclic decoder (Appendix B). 
The foregoing summary of the en- 
coding operation is rather simplified 
but it does illustrate the main points. 
The reader is referred to the specifica- 


tion for the exact procedure. The mod- 
ulation technique is disccused in the 
next section. 

An important point to note about 
ERMES is that it is not a confidential 
system. There is no encryption oper- 
ation within the specification for the 
protection of data. (Gsm cellular tele- 
phone and TETRA in mobile radio have 
secrecy operations as part of the 
equipment standards.) A hacker with 
the correct receiving equipment could 
listen in to messages without any dif- 
ficulty. The positive side is that mes- 
sages tend to be short and would not 
contain sensitive information. 


4. Modulation 


The method is described in the speci- 
fication as 4PAM/FM. Following the en- 
coding operation, the final block is 
input to the modulator - 2 bits at a 
time. Figure 4 shows the technique. 
Each block of 2 bits produces a pulse- 
amplitude modulated signal. There is 
a total of four levels corresponding to 
the various bil combinations. After 
Stage 1 the signal is input to a filter 
(Stage 2) with a specific response 
which need not be examined in an 
overview. This becoms the equivalent 
of the modulation symbol for the final 
step (Stage 3). The result is a particu- 
lar frequency shift such that the in- 
stantaneous frequency is one of four 
values (Appendix A). The modulation 
rate is 3125 baud. 

There have been compatibility 
problems between ERMES and services 
in adjacent bands. There are PMR and 
broadcast (Band 3 Television) services 
in the bands immediately below and 
above ERMES. For example, in the case 
of ERMES and PMR base station re- 
ceivers, it was estimated that isolation 
of up to 90 dB could be required in 
densely populated areas in order to 
avoid interference due to selectivity, 
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Fig. 4. MODULATION TECHNIQUE in ERMES. 


spurious responses and blocking [2]. 
Reception of Band 3 Television was 
also affected — especially at the edge of 
the band. However, these effects are 
due to the particular frequency band 
rather than the modulation technique. 
They can be eliminated only through 
an analysis of the spectrum engineer- 
ing requirements. 


5. Remarks 


ERMES is a good combination of radio 
and telecommunications services. 
There is good coverage at VHF and 
units are small and compact. It has 
the advantage of being a harmonized 
system which is intended for oper- 
ation throughout the European Union. 
There are no modifications by individ- 
ual countries. A unit does not have to 
be designd to meet separate national 
standards. While a user does not have 
the benefit of two-way communica- 
tion, the system can deliver messages 
quickly with a high degree of reliabil- 
ity. 
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7. Appendix A 
Sia Se + Af 


where jj = instantaneous frequency 
J. = carrier frequency 
Af = frequency shift 


Frequency shift (Hz) Symbol 
+4687.5 10 
+1562.5 11 
-1562.5 Ol 
—4687.5 00 


The table has the form of a Gray Code 
such that successive shifts differ in 
just one bit. The filter is not analysed, 
but has a response similar to that of a 
10th order low-pass Bessel. The data 
rate is 6250 bits/second which is 
twice the symbol rate (Section 4). 
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8. Appendix B: 
Generator polynomial 


The generator polynomial 
(30. 18) cyclic code is 


for the 


(xl2 + xt] + 9 4 x7 + 8 4 93 + 2 + 1) 
and produces 12 check bits from the 
original data bits using the standard 
technique. The Minimum Distance is 
6 and the code is capable of correcting 
two errors per block. The significant 
point is that arithmetical operations 
are modulo 2. The only coefficients 
are either ‘1° or ‘O°. Any mathematical 
operations must preserve this repre- 
sentation. The procedure is followed 
by an interleaving process where the 
bits are re-ordered. 


9. Appendix C: Paging codes 


Before the development of ERMES, two 
other paging codes were widely used: 
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POCSAG and GOLAY. 

POCSAG uses a codeword of 32 bits 
with the format shown in the box at 
the bottom of this page. 

The ten check digits are generated 
in the usual manner by the polyno- 
mial 


(x19 4 x9 + x8 4 96 + 99 4 3 + 1) 


which is a factor over GF(2) of (x?! + 1). 
In this type of article the exact mathe- 
matical properties do not require an 
in-depth analysis. The parity bit is 
added at the end to allow for the de- 
tection of an odd number of errors. 
The final length is 32 bits. For further 
information, the reader is referred to 
Ref. [4]. 


GOLAY uses a codeword of 23 bits. 
The check bits are generated by a 
(23, 12) cyclic code by the standard 
technique. Both GOLAY and POCSAG are 
the same in this regard. The generator 
polynomial can be either 


(xll + x10 4 x6 4 x5 4 xd 4 x2 + 1) 
or 
(xl + x9 + x7 + x8 + 9 4 x + 1) 


which are factors over GF(2) of (x + 1). 
They generate 11 check bits resulting 
in a block of 23 bits. The code can de- 
tect up to three errors per block. Un- 
fortunately, the main properties of 
this code are unique. 
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